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PREFACE 


One of the unmet needs experienced by researchers who are en- 
gaged in fertility and family planning research is the availability of a 
Single systematic treatise on the demographic methods of fertility 
measurement. Few evaluation problems occupy the attention of family 
planning researchers more than the question of how much, if any, birth 
rates have declined since major family planning programs were intro- 
duced. It is the purpose of this manual to place at the disposal of these 
researchers techniques with which they can exhaust the information 
contained in census and survey data. 

The present manual is a draft version of Chapter 18 in a book, 
Techniques of Demographic Research, being written in collaboration 
with Professor Evelyn M. Kitagawa, Associate Director of the Popu- 
lation Research Center of the University of Chicago. The chapter is 
now undergoing joint review, revision and expansion by the authors; in 
its final form it will be more detailed and complete than this preliminary 
version. 

As for other publications in this series, this manual was released 
for use as training material in workshops on family planning evaluation, 
being held throughout the world under a contract with the U.S. Agency 
for International Development. 

Because a methodological work on this subject has not yet appeared 
in print, the authors would be most grateful to receive letters from 
their colleagues containing suggestions both for improving the presen- 
tation and for including additional topics. 


June 1, 1971 Donald J. Bogue 
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Chapter 18 


FERTILITY ANALYSIS 


18-1. Introduction. As it is used by demographers, the term "fer- 
tility'' refers to childbearing. It is to be contrasted with "fecundity," 
which is the term used to refer to the capacity to bear children. Thus, 
a fertility rate refers to the relative frequency with which births 
actually occur within a population. Because it is a major expansionary 
force in population dynamics and a major counteracting force to popu- 
lation attrition from mortality, fertility is a leading branch of study in 
the field of demography. The forces causing fertility among a popula- 
tion are more complex than those causing mortality; hence, we need a 
more elaborate methodology for studying fertility. 

Demographers have developed a variety of methods for measur- 
ing fertility. All of these measures are interrelated. Unfortunately, 
the nature of these interrelations has not been fully explored. The 
present chapter undertakes six tasks. (a) It discusses the sources of 
fertility data and the limitations of these data. (b) It describes each of 
the numerous fertility measures that have been developed and illustrates 
how each is computed. (c) It compares these fertility measures with 
one another and attempts to define clearly the differences among them. 
(d) It attempts to simplify and systematize the entire field of fertility 
analysis with the hope of increasing the comparability of research re- 
sults among places and over time. (e) It illustrates with examples the 
major applications of the fertility measures to the study of inter-group 
and inter-area differences in fertility. (f) It presents both the "real 
cohort" and "hypothetical cohort"' perspectives of fertility analysis and 
also attempts to reconcile and integrate them. 

18-la. Distinction Between ''Fertility'’ and "Reproduction" and 
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Between "Birth Rate" and "Fertility Rate." In studying gos a dis- 
tinction must be carefully maintained between “fertility” and reproduc= 
tion.’ Whereas fertility analysis deals only with the childbearing activi- 
ty of a population, reproduction deals with the ability of a 2 almaabai to 
replace itself and to grow. The study of reproduction considers the pro- 
cesses of birth and death together and tries to determine the extent 

to which the rate of childbearing is sufficiently great to counterbalance 
the force of mortality and permit population growth. In other words, 
the study of reproduction is the study of the net balance between fer- 
tility and mortality ina population. A later chapter deals with repro- 
duction. 

In this manual, a distinction is made between "birth rates" and 
"fertility rates." A birth rate refers to the rate of incidence of births 
among a general population, while a fertility rate refers to the rate or 
incidence of births in a female population. Wherever the female popu- 
lation, or some part of it, is used as the denominator of a ratio in 
which a group of births or children constitutes the numerator, the re- 
sulting measure is termed a fertility rate. It has become popular to 
use the word "natality"’ as a synonym for "fertility. '"’ That practice 
has not been followed here because it would require a renaming of 
several measures that traditionally are labeled ''fertility" rates. 


are three major sources of fertility data: (a) vital statistics of birth 
obtained by the registration of each birth event as it occurs, (b) peri- 
odic census enumerations, and (c) special fertility surveys. Together 
these three sources make available five different bodies of data from 
which fertility measures may be derived, either as direct measures of 
the incidence of childbearing or as indirect measures of the compara- 
tive level of childbearing: 


1. Vital statistics... .. Registration or repeated sample surveys 
2. Age distributions..... Censuses or sample surveys 
3. Children-ever-born..... Censuses or sample surveys 
4. Own children under 10 years of BBO Lake Censuses or sample 
9. Birth rosters S i te ce 

epaige ample surveys (potentially a census item). 


with the ga in learning fertility analysis is becoming familiar 
nt of fertility using vital statistics. With these 

ssa we can establish all of the essential concepts and measures of a 

basic system. Following this we will learn how to use other sources 


Ss a 


18-2. 


Vital Statistics i , 
how viteh ofan statistics of Birth. Chapter 6 has already described 


tistics of birth are collected and tabulated. Nations of 
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Europe and North America almost all have series of birth statistics that 
range in quality from good to excellent, and several countries possess 
series of birth statistics that extend backward over more than a century. 
Good birth statistics also are now available for Japan, Argentina, 
Israel, Taiwan, and several other nations. The remaining developing 
nations of Asia, Latin America, and Africa have registration systems 
that vary from moderately good to extremely poor. Thanks to pro- 
grams for registration improvement, the quality of registration aata 

is rising rapidly throughout the world, and several nations that just a 
few years ago had only very inadequate birth data now produce birth 
data that are usable. 

The first nationwide efforts to collect birth statistics in the United 
States were made in the censuses of 1850, 1860, and 1870, where 
children under one year of age were taken as an index of births. In 
the censuses of 1880, 1890, and 1900, these data were corrected by 
adding an estimate of deaths of persons born in the preceding year 
to get an estimate of births during the year preceding the census. Due 
to underenumeration and age misstatement, the results were not satis- 
factory. 

Prior to 1915, the only usable birth statistics for the United 
States were tabulations made by a few individual states, some of which 
had been registering births for many years. In 1915 a Birth Registra- 
tion Area was set up. It consisted of ten states and the District of 
Columbia. Not until 1933 did the last state meet the stringent require- 
ments (at least 90 percent completeness) for admission to the Birth 
Registration Area. After 1933, there was gradual improvement, due 
primarily to an increase in the proportion of births that occured in hos- 
pitals. Since 1960 registration has been nearly 100 percent complete. 

In most nations a standard certificate of birth specifies the items 
of information that must be collected. Samples of such certificates 
are reproduced in Chapter 6. The following items of information of 
interest to the demographers may be found on many certificates. 

1. Place of birth (place of occurrence) 


2. Usual place of residence of mother or parents 
3. Sex of child 
4. Date of birth 
5. Multiple or single birth 
6. Ethnicity or race of parents 
7. Age of mother 
8. Birthplace of mother 
9. Birth order (number of children previously born to mother) 
10. Religion of parents 
11. Age of father 
12. Birthplace of father 
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13. Occupation of father 

14. Industry of father 

15. Attendant at birth- -physician or midwife 

16. Occurrence of birth in hospital or outside 

17. Legitimacy or illegitimacy of birth 

18. Length of pregnancy 

19. Birth weight 

20. Date of parents’ marriage or duration of marriage 

As pointed out in Chapter 6, it is highly desirable that the cate- 


gories of personal characteristics of the infant and his parents (and the 
definitions used in classification) be identical to those used for collec- 
ting census data in order than the fertility rates may have the greatest 
possible validity. 

Vital statistics of birth may be deficient in four ways: incomplete 
registration, late registration, errors of residential allocation, and 
misreporting age of mother or other facts on the birth certificate. In- 
complete registration is by far the major shortcoming of most birth 
data derived from vital statistics. Chapter 7 has described general 
procedures for measuring the extent of this deficiency. A later section 
in this chapter considers in more detail each of the four deficiencies. 
Techniques for measuring the extent of underregistration and for 
arriving at correction factors are described and illustrated. 

18-3. Basic Measures of Fertility. All fertility rates consist of 
a measure of childbearing expressed as a ratio of the number of births 
that occur in a population to the size of the population that bears the 
children. Demographers have devised five such rates. These rates 
are highly correlated with each other, and together they may be viewed 
as a system of fertility analysis. Several additional measures will be 


presented, but all will turn out to be elaborations or refinements of 
one or another of these five: 


Crude birth rate (CBR) 

General fertility rate (GFR) 
Age-specific fertility rates (ASFR) 
Total fertility rate (TFR) 
Age-cumulative fertility rate (AC FR) 


18-3a. Crude Birth Rate. This is the number of births per 1000 
midyear total population: 


CBR .= 


wel Res) 


x 1000 (1) 
where B is the number of births that occur during 


a calendar year, and 
P is the midyear total population. 


This measure was described and illustrated in Chapter. 2; hence, it 
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needs no further elaboration here. It is a crude measure of child- 
bearing because the denominator contains a large population not ex- 
posed to childbearing: males, children, and elderly persons. Despite 
this shortcoming, the measure is a highly useful one. We may think 
of this measure in the following way. 
CBR = —— x 1000 (la) 
E+N 


where E is the "exposed" population, and 
N is the "unexposed" population. 


If the quantity N were always to stand in some fixed ratigq to E, then 
changes in CBR would signal changes in fertility very precisely. Be- 
cause the ratio of N to E does tend to change rather slowly, CBR can 
prove to be quite useful. in measuring short-run changes in fertility 
within a particular population. It is somewhat less useful in comparing 
the fertility of two populations at a given moment. Even here, however, 
it is useful as a general indicator of fertility levels; except in extreme 
situations the ratio of N to E has only a moderate variation from one 
population to another. By shifting from the crude rate to one of the 
more refined measures, demographers often are accomplishing much 
less refinement than many may think. 

A major weakness of this measure is that it is not very sensitive 
to small fertility changes; in fact, it tends to minimize them. Ifthe 
birth rate rises, there is an increase in the proportion of children in 
the population. This swells the size of the denominator and tends 
to mask the fertility rise. The same phenomenon, with reverse 
distortion, tends to understate the extent of a genuine fall in fertility. 
For the same reasons it tends to give a distorted measurement of the 
timing of fertility change; it will tend to place the peak of a fertility 
rise somewhat earlier than the more refined measures and will place 
the trough of a fertility decline somewhat later than indicated by the 
more refined measures. 

18-3b. The General Fertility Rate (GFR). The general fertility 
rate is defined as the number of births per year per thousand women 


of childbearing ages. 


x 1000 (2) 


io) ee) 


GFR = 


where B is the total births that occur during a 


calendar year, and 
F is the total number of females of childbearing 


age (midyear population). 


Demographers differ in their definitions of the years to be con- 
sidered as the childbearing period. Some use the interval 15 to 49. 
Others use the interval 15 to 44, and still others prefer the ages 20- 
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44, The United Nations uses the interval ae to 49 dries ig 
to encompass the full range of fertility eonciitans aroun ne - 
The United States National Office of Vital Statigtics uses a ‘liom 
15 to 44 years because in the United States there is plein no : i 
bearing after age 44. In utilizing published rates one tee make 
certain that the denominators are comparable or are adjusted to be 


6 


comparable. a: 
So very little childbearing takes place after age 44, even in high 


fertility populations, that almost no distortion results from attributing 
all such births to the age group 40-44 years of age. For greatest pre- 
cision and worldwide comparability, the age interval 15-44 should be 
adopted as standard, with births under 15 and over 44 allocated to 
ages 15-19 and 40-44, respectively. 

The chief virtue of the GFR measure is that it removes from the 
denominator most of the population that is not directly exposed to child- 
bearing--males, children, and women who have passed menopause. 

As a result, it is a much more acceptable measure of fertility levels. 
It is easy to compute (and the necessary information is always avail- 
able if there are any vital statistics at all) because it requires no 
additional information about births. The needed information about 
women of childbearing age is almost always available from censuses 
or can be estimated. Although the standardized GFR (see below) is 
Slightly more precise for making interpopulation comparisons, in 
most cases the gain is modest. The computation of the measure is 
illustrated in Table 18-1. 

The practice of using the female population as the "exposed" 
population is widely accepted as standard procedure, although males of 
childbearing age could be used with equal logic. Later in this chapter 
a separate section is devoted to fertility rates based upon the 
"exposed" male population. 

The chief criticisms of GFR are three: (a) If one is seeking a 
true probability measure of fertility, it is inadequate because the 
pamper of women at risk has been approximated only roughly. Cer- 
tainly in many nations a minority of the girls 15-19 years of age are 
exposed to the risk of childbearing. For example, throughout most of 
Europe far less than one-half of the girls are married by age 19, and 
ve are who marry at 18 or 19, all but a Small fraction bear their 
first child in their 20th year or later. All over the world, only a 


49 are able to bear live child- 


wered fecundity and less frequent 
Including such a large non-exposed population in 
ages its probability implications. (b) All unmar- 
€S are included in the denominator. Were it not 


the denominator dam 
ried women of all ag 
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t in most parts of the world the percentage of women not 


for the fact tha and remains almost con- 


i | ds to be small 
married at ages 25 and over ten ae : meats 
stant over time, this would be a serious criticism. Actually, it af | 
fects the GFR as a fertility index comparatively little. In some appli- 


cations it is important not to restrict the analysis to married hebuteieies. 
but to express the rates in terms of all women. | For a ROPE detailed 
discussion of this point, see the section on nuptial fertility rates, 
below. (c) The third major criticism of this measure 1s that ft does 
not control variations in age composition within the reproduc’ 
range. This weakness may be corrected by standardization, as des- 
cribed below. 

18-3c. Age-Specific Fertility Rates (ASFR). The frequency of 
childbearing varies markedly from one age group to another within the 
population. In fact, there is a characteristic age pattern to fertility 
which is very similar all over the world. This age pattern is best 
revealed by computing age-specific fertility rates. The age-specific 
fertility rate is the number of births per year per 1000 women of a 
specified age. Expressed symbolically, it is defined as 


* 1000 (3) 


where fis age-specific fertility rate of women aged x to 
x+n years, 
F is the number of women aged x to x+n years at midyear, 
and 
B_ is the number of births to women aged x to x+n years 
during a calendar year. 


Age-specific fertility rates may be computed for single years of age or 
for age intervals. Usually, five-year age intervals beginning with 
ages of 0 and 5 are employed, as illustrated in Table 18-1. The re- 
Sulting age-curve of fertility has a very distinctive shape, as illustrated 
in Figure 18-1. It rises Sharply and swiftly from zero at about age 15 
to a peak in the early or mid-20's, depending upon the population. 
Thereafter, it declines Somewhat more gradually (but nevertheless 
rapidly) to reach zero again at about age 50. Populations all over 
the world manifest this Same age-specific fertility pattern. They 
differ only in the height of the peak rates and the age at which this 
Peak occurs. Given these two pieces of information, it is possible to 
eStimate rather precisely the entire curve. 

It is most important that mystic inherent properties not be at- 
tributed to the age-specific fertility curve. The Shape of this curve is 


differences between populations 
ferences in these factors: 
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Figure 18-1. COMPARISON OF AGE-SPECIFIC FERTILITY RATES COMPUTED 
BY SINGLE YEARS OF AGE AND BY FIVE-YEAR AGE GROUPINGS; UNITED 
4 STATES: 1966 


Rates per 
1000 
females 


180 


Single year of age rates 


Rates for 5-year age groups 


160 


140 


120 


100 


80 


60 


40 


20 


0 2a ease eee eS See eee 
15 20 25 30 35 40 45 50 
Age of Woman 


(a) The age-at-marriage distribution. 
(b) The proportion of women of each age who are cohabiting, 


either within or outside marriage. 
(c) The distribution of sterility and subnormal fecundity by age. 


(d) The age distribution and the birth-order distribution of the 


use of birth control. 
These factors, which are not mutually exclusive, are discussed 


in more detail below. They are mentioned here only to remind the 
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reader that age-specific fertility rates are a weighted result of many 


different interacting variables. 


It would be difficult to emphasize too strongly the importance of 


analyzing fertility in terms of age-specific fertility paren. a schedule 
of such rates reveals more information about the childbearing activity 
of the population at a given moment than any of the ener measures 
presented in this chapter. Noting the point-differences in the rates and th 
relative change in the rate for each group is a detailed and precise way 
of studying fertility changes. The fact that such an analysis involves a 
whole schedule of rates and does not yield a single succinct measure 
should be regarded as an asset rather than as a disadvantage. Noting 
the ages at which fertility levels are changing is a most informative 
clue to the forces underlying changes in fertility levels. 

18-3d. Total Fertility Rate (TFR). The total fertility rate is a 
summary over-all measure of fertility obtained by summing the age- 
specific fertility rates for each year of the childbearing span. It states 
the number of children 1,000 women would bear during their lifetimes if 
they were to bear children throughout their lives at the rates specified 
by the schedule of age-specific fertility rates for a particular year. It 
assumes that this hypothetical cohort of women suffers no mortality 
but has the marriage and childbearing patterns of the particular year 
for which age-specific fertility rates were computed. Because it isa 
summary measure, the TFR is an alternative to the GFR. Its advan- 
tages over the GFR are that it is standardized for age; it contains an 
equal number of women (1,000) in each age group; hence all TFR's are 
based upon the same age composition. Another advantage is that it 
shows the average size of completed family. By dividing by 1,000 
(pointing off three decimals), it shows how many children each woman 
in a population could have borne by the time she passes out of the 
childbearing ages if a particular schedule of age-specific fertility rates 
vere te determine her childbearing behavior throughout her reproduc- 
tive life. Table 18-1 illustrates the calculation of the TFR. 


44 B 
ra) ( 2 ) 2,00 (4) 


where data are grouped into age intervals of n years. 
Where rates are for single years, equation (4) becomes: 


44 
he 
TFR = 2 eee 
is \"s (4a) 
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In countries where the onset of childbearing is very early or extends 
very late into the 40's, the range of summation can be altered to fit 
the circumstances. Some demographers calculate a similar measure, 
the Gross Reproduction Rate (GRR), which is identical to the TFR ex- 
cept that it refers to female births only. In other words, it is based on 
ASFR for female births. If we multiply the TFR by the proportion of 
all births in the year that were female, we will obtain a very close 
approximation of the GRR. This measure indicates how many daughters 
1,000 women would bear during their childbearing years if, throughout 
their reproductive lives, they were exposed to the age-specific rate of 
bearing female infants current for a particular interval of time. (The 
rationale behind the calculation of GRR and its use in demographic 
analysis will be discussed in the chapter on reproduction. ) 

18-3e. Age Cumulative Fertility Rate (ACFR). Utilizing the con- 
cept of a hypothetical cohort of 1,000 women bearing children through- 
out their lives at the rate specified by the ASFR for a particular year, 
we can calculate how many children this cohort of women will have 
borne by the time its members reach each year of age. This is accom- 
plished simply by cumulating the ASFR for all ages up to the age for 
which a statistic is desired. (Where the fertility rates are calculated 
for groups of years, it is necessary to multiply each rate by the number 
of years in the age-interval before or after cumulating, in order that 
each year's experience may be given its average weight.) This mea- 
sure will prove to be highly useful in our later comparisons of hypo- 
thetical and real cohorts. Its calculation is illustrated in Table 18-1, 
column (5). 

18-3f. Percent Distribution of Total Fertility. Continuing with 
‘the concept of a hypothetical cohort of 1,000 women free from mortality, 
we can establish three measures which are not rates but which are of 
value in showing the timing of fertility. First, we can show the per- 
centage of total lifetime fertility that occurs at a particular age or span 
of ages. This is obtained by multiplying ASFR by the number of y@ars 
in the age interval and then dividing by TFR. (See column (6) of Table 
18-1.) Secondly, we can show the cumulative percentage of fertility--the 
percentage of total fertility that is completed by the time a particular 
age is reached. This is accomplished by cumulatively summing the 
percent distributions for each age interval or by dividing CFR by TFR. 
Column (7) of Table 18-1 illustrates this measure. Thirdly, we can 
calculate the average age of a woman at the birth of a child. This is 
obtained by multiplying the percentage of total births that occur in 
each age interval by the midpoint of that age interval, then summing 
across all intervals and dividing the resulting total by 100. Column 
(8) of Table 18-1 illustrates the procedure. 

18-3g. Single Years of Age versus 5-Year Age Groupings. Table 
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18-1 illustrates all of the measures computed in terms of Mihir 

le 18-2 illustrates the same measures computed in 
cages Log face. In order to facilitate comparison, data 
terms of single years Ol age. 18-1 compares the two dis- 
for the same year (1966) are used. Figure pra 
tibutions graphically. By comparing these tables we may derive 

ing insights. 
ae A an summaries GFR, TFR, CFR, and average-age- 

at-birth of a child are affected very little by the age of 5- 
year groupings rather than the single-year pr OUP Ee 

(2) The greatest value of the single-year-of-age Statistics 1s 
for showing the details of the pattern from age 15 through 
age 29, where there is very rapid year-to-year change. 

(3) Age heaping and other errors of age reporting may be present. 
These tend to create irregularities which reduce the meaning- 
fulness of single-year-of-age data. This is especially true 
for the older ages. These errors may become very serious 
for low-education populations where the level of accuracy in 
age reporting is low. Therefore, if single-year-of-age rates 
are to be meaningfully computed, it may be necessary to 
smooth or otherwise adjust the age data both for births and 
for females before calculating the rates. 

(4) Ten-year age intervals are too long to yield precise results. 

18-3h. Fertility Rates Specific for Other Traits. Fertility 

rates may be made specific for any trait for which both the births and 
the population to which they refer may reliably be classified. For ex- 
ample, it is possible to compute: 

(a) Sex-specific fertility rates (male, female births) 

(b) Ethnic- or race-specific fertility rates 

(c) Order-specific fertility rates 

(dq) Duration-of-marriage specific rates 

(e) Marital-status specific fertility rates--for married, single, 
etc. 

Rates that are specific for two or more of these traits can be 
calculated simultaneously if appropriate cross-tabulations are avail- 
able both for births and for the female population. 
that incorporate a pregnancy history offer great opportunities for this. 

A difficulty encountered in computing many of these rates is 
that appropriate denominators are available only for years in which a 
census is taken; for the intervening years denominators must be esti- 


mated. (See chapter on intercensal and postcensal estimates of 
population. ) 


18-4, Interrelationships among the Basic Fertility Measures. 
All af the basic fertility measures purport to measure the forces of 
fertility upon the total population or some Subgroup of it. 


Sample surveys 
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1. The GFR and TFR differ only in minor respects: 


B 
TER = on 
R F 
15 x 

crr —. —2 
3soFis 


For GFR the age groups of birth and females are summed 
before the division is performed; for TFR the Sequence is 
merely reversed and the division is made before the sum- 
mation. Under these circumstances, one would expect a 
very high correlation between GFR and TFR. 

2. GFR can be written as B/(P-N), where P is the total popu- 
lation and N is the population that is not female or not be- 
tween the ages 15 and 45. Thus, CBR and GFR differ only 
by the entity N. Yet demographic analysis teaches us that 
the ratio N/P is itself a function of the fertility level be- 
cause age structure (a function of fertility) is the principal 
variable determining N. Thus, we should expect a close 
correlation between CBR and GFR. 

3. If CBR is highly correlated with GFR, it should also be highly 
correlated with TFR because of the demonstration made in 
(1) above. 

4. Each ASFR is a component of TFR. One should therefore 
expect high correlations between each ASFR and TFR on the 
principle of common elements, or part-whole correlation. 
This correlation should be highest for ages 20-34, where 
ASFR rates are high, and to be lowest at the extremes of the 
age span of reproduction. 

5. ASFR that are high at one age ina particular population may 
be expected to be high at all other ages in that population, on 
the principle that only a lifetime of high fertility can lead to 
a high level of general fertility. A similar line of reasoning 
leads us to expect low values of ASFR when GFR is low. We 
may therefore expect the values of ASFR to be highly cor- 
related with each other as well as with TFR, GFR, and CBR. 


This is indeed the case. Table 18-3 presents correlation measures be- 
tween the fertility measures for 50 nations of the world for which the 
data are of high quality. It is readily apparent that these relationships 
between GFR and TFR are almost unity, and they are extremely high 
for all of the measures. Only ASFR for the youngest and oldest ages 
(where the part-whole relation is most attentuated) have correlations 
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that are somewhat lower. 


Table 18-3. LINEAR CORRELATIONS BETWEEN BASIC FERTILITY MEASURES: 50 
NATIONS OF THE WORLD FOR WHICH RELIABLE STATISTICS WERE AVAILABLE 
FOR THE PERIOD 1955 TO 1960 


Age-specific fertility rates (age) 


15-19 


Summary measures 
Fertility measure 


Summary measures: 


Crude birth rate...-ececcee — 


General fertility....-+.-+-. 99 

Total fertility....seeee 98 
Age-specific rates; 

15-19 yearS...errcscceces -80 

20-24 yearS..ceescecceees 85 

25-29 yeEarS.ccceesecceees 92 

30-34 years...ecccesecoee ou 


35-39 


VEALS.cccccescesees -90 
40-44 yearS...cecsscveses 82 
45-49 yearS....ccrccccceses 75 


Source: Donald J. Bogue and James A. Palmore, "Some Empirical and Analytic Relations 
Among Demographic Fertility Measures, with Regression Models for Fertility 
Estimation," Demography Vol. 1, 1964, pp. 319-20. 


It is possible to write a linear equation measuring the relationship 
of any of the basic summary measures to any of the other basic measures. 
The following are six equations that will be highly useful in translating 
one form of fertility measurement into other forms: 


30.195 GFR + 343.28 
GFR = 0.0328 TFR - 10.305 
0.2141 GFR + 2.2903 
GFR = 4.5952 CBR - 8.5945 
CBR = 0.0070 TFR + 0.2453 
TFR = 137.94 CBR + 106.16 


3 
Es) 


Q 
jes) 
wo 
I 


It should be noted that, in theory, the intercepts should all be 
zero; zero fertility with one measure should imply zero fertility for 
every other. A study of the intercepts reveals that the ratio of the 
intercept to the mean value is small and approximates zero. 

Table 18-4 has been prepared to assist in making this translation 
without need for computing; by entering the table with a value of CBR, 
GFR, os TFR, it is possible to read off the value of all three measures. 
Regression equations relating these three measures to ASFR and CFR 
bie: not presented here because in a later section we present equations 
which express these relationships even more precisely. 

18-5. Cross-Sectional General Fertility Rates Standardized for 
Age and Other Characteristics of Parents. It was noted above that a. 
weakness of the general fertility rate is that variations of age compo- 
sition within the reproductive age Span are not controlled. This weak- 
ness may be remedied by age standardization, uSing either direct or 


FERTILITY ANALYSIS 17 


Table 18-4. TABLE OF EQUIVALENT VALUES OF BASIC FERTILITY MEASURES 
BASED ON EMPIRICAL RELATIONSHIPS AMONG THEM 


Equivalent value Crude Equival 
Crude birth [—_saatntne vse | birth pieebiniaion: sk 
rate GFR — 
TFR 
(15-49) | (15-44) TFR 


187 5620 
192 5760 
197 5900 
201 6040 
206 6180 
210 6310 
215 6450 
220 6590 
224 6730 
229 6870 
233 7000 
238 7140 
243 7280 
247 7420 
252 7550 
256 7690 
261 7830 
266 7970 
270 8110 
275 8240 
279 8380 
284 8520 
289 8660 
293 8800 
298 8930 
302 9070 


Source: Developed from equations reported in Donald J. Bogue and James A. Palmore, 
"Some Empirical and Analytic Relations Among Demographic Fertility Measures, 
with Regression Models for Fertility Estimation," Demography, Vol. 1. 1964, 
p. 219. 


indirect standardization as outlined in Chapter 8. If desired, the 
general fertility rate may be standardized simultaneously for two or 
more characteristics, such as age and race, age and ethnicity, etc. 
Table 18-5 illustrates direct age standardization for GFR for three 
European nations: England, Sweden, and Italy. The estimated age 
composition of the world female population of reproductive age is used 
as a standard. It may be seen that there is less variation among the 
standardized GFR for these countries than among the unstandardized, 
demonstrating that a substantial part of the differences among their 
unstandardized GFR are owing to differences in age composition. (As 
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ILLUSTRATION OF PROCEDURE FOR DIRECT AGE-STANDARDIZATION 
ENGLAND, SWEDEN AND ITALY STAN- 
1960 


Table 18-5. 
OF THE GENERAL FERTILITY RATE: 
DARDIZED TO AVERAGE AGE COMPOSITION OF WORLD'S POPULATION, 


Expected births 


Fertility rates 


Sweden Italy 


All 
unmarried 
women 


69 England England Sweden Italy 

foe) ‘Gs (3) (4) (5)=(X2) |(6)=(1x3) | (7)=(1x4) 
(1) 

ES=ED YORrSs kicce anc 195 ,827 28.3 

20-24 years....... 174,139 151.2 

25729 YEars.cecece 153 ,801 164.5 

30-34 years....... 139,763 98.3 

BO—39) VOAPS ses d00 125,761 44.6 

40-44 years...cses 111,878 1335 

45-49 years,...... 98 , 231 0.8 

AQ’ Ge68. da occ 1,000,000 .9 71,383 


Standardized GFR = (Expected births / standard population) x 1000, 
England = 78.1 Sweden = 71.3 Italy = 71.3 


a country with a long history of low fertility, Sweden has an older age 
composition; while as a country with very recent fertility decline, Italy 
has a younger age composition.) The results of this demonstration 
should warn against interpreting small differences in GFR as genuine 
differences in fertility until differences in age composition are con- 
trolled. 

Table 18-6 illustrates indirect standardization. In this instance, 
the GFR for two cities, New York and Los Angeles, are indirectly 
multiply-standardized for age and race. Both cities have values of 
GFR that are only about 75-80 percent as high as the national average. 
Before Standardization, the GFR of Los Angeles was 5.28 points 
higher than that of New York. After standardization the difference 
increased to 6,29 points. Thus, none of the differences in fertility level 
between New York and Los Angeles can be attributed to differences in 
age and race composition. In fact, compositional differences appear 
to have concealed a part of the true difference. Both of the above 


18-6, The Measurement 
All over the world there is gre 


fertility Change, Many countri 
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Table 18-6. ILLUSTRATION OF PROCEDURE FOR INDIRECT STANDAR- 
DIZATION OF THE GENERAL FERTILITY RATE FOR AGE AND RACE; 
NEW YORK CITY AND LOS ANGELES, 1960 


Standard Age composition 


Expected births 


Age and Race rates 
U.S, 1960] New York New York Los 
City City Angeles 
wea: (1) (2) (3) (4) (5) 
15=19) YOars, ss, s:cmee 79.8 214 ,823 63 ,273 17,143 5,049 
20-24 Yearss sus ts .| 252.8 213 , 242 61.792: 53,908 15 ,621 
25-29 Years... sans 194.9 212,769 63,435 41,469 12 ,364 
30-34) years wc ceuue 109.6 224 ,536 72,292 24,609 7,923 
35-39 years, ..csasss 54.0 235 ,040 81,510 12 ,692 4,402 
40-44 yearsS.c.svccce 15.5 239 ,099 75 ,322 3,706 1,168 
Nonwhite 
15-19 yearS....e.es 162.2 37,282 13,223 6°,047 2,145 
BO-24 Years: is secu 294.2 47,042 16 ,681 13 ,840 4,908 
29-29 YOarsis cuwien e's 214.6 50 ,405 18 ,174 10 ,817 3,900 
SO-34. YEOTS. \ a6 «ae 135.6 55 ,649 18 ,396 7,546 2,494 
359539 Years. oon esas 2 54,428 17,814 4,039 1,322 
40-44 years........ 7 45 ,732 14,763 1,084 350 
Hota er hres - 1,630 ,047 516 ,674 196 ,900 


Expected births: New York = col, (1) x col, (2); Los Angeles = col, (1) x col. (3) 
Expected births: New York = Sum col, (4) 
Los Angeles = Sum col (5) 


Indirectly standardized birth rate: Adjustment factor 


Registered births: New York City = 147,530 Registered/expected = .7495 
Los Angeles = 49,490 Registered/expected = .8028 
Standardized GFR: New York City = .7495 x 118.0 = 88.44 
= 2 
Los Angeles = .8028 x 118.0 = 94,73 Deterapse = 5.29 
Unstandardized GFR: 
147,530 
New York City = eae = 9050 
4 : Difference = 5,28 
_ 49,490 _ 
Los Angeles = 516,674 > 95.78 


timing of childbearing, and trying to disentangle these fluctuations 
from more fundamental changes in fertility levels. The problem is 
not an easy one, and demographers disagree concerning techniques 
and interpretations. Those who are most committed to the study of 
real cohort fertility place very little confidence in cross-sectional 
measures. When carried to its logical extreme this position claims 
that one cannot make inferences alout fertility until each cohort has 
completed childbearing--which precludes even trying to make an inter- 
pretation of what is happening at a given time. The opposite error, 
that of assuming that all fertility change will be spread evenly over all 
cohorts, is equally untenable. The position developed here is intended 
to be an intermediate one that will permit inferences to be made about 
current trends while guarding against serious error. 

The methodology for measuring fertility change is very nearly 
identical for high-fertility and low-fertility populations. There is not 
one methodology that is appropriate for "developing countries" and 
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another that is appropriate for "developed commetes. * The ed 
difference between the two types of population lies in the availabilty o 
basic data. Where reliable data are lacking (usually one -- 
countries) it is necessary to go through a prior pebmating procedure to 
develop the basic measures. Techniques toy BOM this will be pre- 
sented below. With this preliminary estimating phase performed, 

the procedures for measuring change are alike. 

18-6a. Cross-Sectional Analysis of Fertility Change. All 
studies of fertility change should begin with a cross-sectional analysis to 
determine how much year-to-year change there has been in fertility 
levels. Once this has been established, a longitudinal analysis may be 
undertaken to discover how much of this fluctuation may be due to 
changing childbearing patterns in individual cohorts. 

The cross-sectional measurement of fertility change involves the 
comparison of the basic fertility measures for two or more intervals of 
time. If the measures are identical for both dates, or are so nearly 
identical that the differences between them could be attributed to 
sampling error, then we must conclude that there is no evidence of 
change. If, however, the measures for the later date are lower than 
those for the earlier date, we infer that a fertility decline has taken 
place. Conversely, if the rates at the later date are significantly 
higher than those at an earlier date, we must infer that a fertility 
rise has taken place. 

The procedure for measuring fertility change in this way is 
illustrated in Table 18-7. When carried out in its fullest detail, the 
basic procedure involves the computing or estimating of the values of 
four fertility measures for each date: 

General Fertility Rate (GFR) 

Age-Specific Fertility Rates (AS FR) 

Total Fertility Rate (TFR) 

Age-Standardized General Fertility Rate (GFR-St) 


With these values established, two steps are performed to measure 


change. 


(a) Absolute change--subtract the values for the earlier date 
from the values for the later date. 

(b) Relative Change--express the Change in relation to the value 
at the base (earlier) date. This may be done in one of two 
Ways. Both are acceptable 
(1) Percent change 


--divide the absolute differences, obtained 
in (a) above, by the value at the earlier date and multiply 


by 100. This expresses the difference as a percent 
change. 


(2) Ratio to 


base--divide the value of each fertility rate at 
the later 


date by the value of the corresponding rate at 
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the earlier date. This expresses the rate at the second 
date as a ratio of the rate at the earlier date. A value of 
1.00 means fertility decline, and a value above 1.00 
means fertility rise. A value of 1.00 means ''no change."' 
By subtracting 1.00 from this value and multiplying by 
100, we can convert ratios to percent-change measures. 


Table 18-7. ILLUSTRATION OF THE "TOTAL" DEMOGRAPHIC 
PROCEDURE FOR MEASURING FERTILITY CHANGE; DATA FOR 
THE UNITED STATES: 1960 AND 1950 


Age specific Change in rates: 
fertility rates 1960 to 1965 


Age 


Relative 
1965 1960 Absolute 

Percent 

change Bathe 
P51 WV CARSa ceils es 5 se ce 89. =-20,.8 0.792 
202 24 eyeatse ies as cicls> 196.8 258 -23.8 0.762 
QS229 RVEarS ive cyanate sisis:s 162.5 197 -17.7 0.823 
SOQLS4 FEARS cecsaniaants 6 95.0 112 ere 0.843 
35.39 Pyearscbiciacels <0 46.4 56. -17.4 0.826 
AQUA Bye das eee are eos 51s 12.8 15 -17.4 0.826 
A580 years c.craisivraisie sie\0 0.8 0) -11.1 0.889 


General fertility rate 96.6 118.0 0.819 
Total fertility rate.. 2928 3654 0,801 


Age- standardized GFR 
Direct standard..... 94.6 118.0 yc | ~19)8 0.802 
Indirect standard... 94.3 118.0 EG arf Fr] ea 0.799 


BY GFR for U.S. is computed on the basis of women aged 15 to 44; most 
nations of the world use 15 to 49 or 10 to 49, 


The example of Table 18-7 was calculated using data for the 
United States. It is clear that irrespective of how they are measured 
fertility rates in this nation declined sharply during the five-year period 
between 1960 and 1965. The standardized GFR used the 1960 age com- 
position as standard and indicated a decline of 19.8 percent. Almost 
identical results were indicated by the indirectly standardized GFR and 
TFR. The relative measures for ASFR reveal that the decline was 
sharpest among the younger age groups. 

When measuring fertility change, the selection of the standard 


population is of considerable importance. The best standard to use 


would be the age distribution of the population at the middle of the 
time span over which fertility change is measured. (This could be 
an average of composition at beginning and terminal dates.) Barring 
this, the age composition at the beginning of the interval should be 


used. 
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ptation among demographers to overemphasize 


is a tem + ont ti 
There significance of 


i ili clines and to fail to appreciate the 
ont eran pea The absolute differences measure the abso- 
lute impact of fertility change upon population. This is most clearly 
seen in the instance of the total fertility rate. The absolute deckine of 
726 per 1,000 women of childbearing age impligs a decrease in the 
average size of completed family of 0.7 children per moman. The 
absolute change in GFR claims that there were 21 fewer births per 
1.000 women of childbearing age in 1965 than in 1960. 

j In the example given above, it will be noted that the various sum- 
mary measures do not necessarily give identical results. Under Some 
situations, the differences in results may be much greater than in this 
example. The question arises: Which of the measures should be ac- 
cepted as "correct"? It is recommended that they be given priority in 
the following order: 

| Standardized GFR (directly standardized) 

Total Fertility Rate or GFR (indirectly standardized) 
General Fertility Rate (unstandardized) 
The TFR is also an age-standardized rate; hence, it is superior to 
GFR unstandardized. A measure of fertility change should not be re- 
garded as ''refined"' unless it holds constant the age composition of 
women within the childbearing ages. 

Changes in Crude Birth Rate. The question arises: How much re- 
finement is gained by the procedures outlined above in comparison with 
simply reporting annual crude birth rates. Using the U.S. example, 
it may be noted that the crude birth rates for the two dates were as 
follows: 


A96O CBR... 2357 

£965 CBR,... 19.4 

Change. .... +. AS 
Percent change.... -18.1 


Ratio, 1965/1960... 81.9 


These results illustrate the principle that for most populations which 
have not had recent fluctuations either in fertility or in migration over 
short intervals of time, the relative change in fertility as estimated by 
the CBR will tend to be nearly the same as the unstandardized GFR. 
For longer periods of time and where there have been rapid changes 
either in fertility or migration or both, the CBR can give results quite 
different from those of the more refined measures. Thus, CBR is least 
reliable in the very circumstances in which measurement ‘of change is 
most important. 

Standardized Crude Birth Rate. The CBR is such a popular and 
pest ettoWn measure that many demographers would like to express 
fertility Changes in terms of it. CBR has the further advantage of 
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being the fertility measurement most closely akin to population-growth 
measures; changes in fertility expressed in terms of CBR can be 
directly translated into measures of impact upon population growth. 

In order to achieve these advantages while escaping its weaknesses, it 
is possible to express fertility changes in terms of CBR standardized 
for age and sex. The age composition of women of all ages, as of the 


Table 18-8, EXAMPLES OF MEASUREMENT OF FERTILITY 
CHANGE IN DEVELOPING COUNTRIES; PUERTO RICO, WEST 
MALAYSIA AND KOREA 


Change 
Fertility measure 


Percent 
PUERTO RICO: 1960-67 
GSU e VeRRSc nic ejalcleciae +o os 101.6 S457) oe oa) -19.6 
BOs et VCRIS cigs cis ei~ son cess A 287.2 208.1 70d ~27.5 
25.29 years... Bite 5 cisreieteve ‘ 243.2 189.7 =53,.0 =22.0 
BURSA VORP Ss eitcicie.s,c/9 4 4)005,0) E 157.5 11%,8 =20), 7 Soe 
35-39 yearS.......2..4. Resa 11050 79,1 =50,9 Yaa 
40-44 yearsS.....creeeceeee - 51.2 29.7 -21,4 -41,.9 
45249) YEOPS. . ca co crcsscvses 9.6 7.5 ee ieee S219 
Standardized GFR........+.6 ° n,a n.a n,a n.,a 
General fertility rate..... n.,a n.a n,a n.a 
Total fertility rate...... ; 4805 3572 -1233 Pay oa f 
Standardized GBR........e0s 3355 25.2 - 8.3 -24,.8 
Unstandardized CBR....... a4 33.5 26.9 = 6.6 -19.7 
WEST MALAYSIA: 1957-66 

Gas AA a) eres Pay ames be 109 -64 -19 
BOLOANGEOTS ye caaes sees ees sa) 285 237 -48 -29 
2529 VEAPG. dsc cisccceccee oc 276 255 ied =23 
30-34 years.........6- Bh rere 254 241 Eag = 25 
952s ON EME Sie isiaciei-ls lain sos sci), 226s 163 £5 aod 
40.44 yearsS.......-seees ae 57 87 +20 +53 
Standardized GFR.....-.«.-+e n.a n.a n.a n.a 
General fertility rate..... n,a n,a n,a n,a 
Total fertility rate....... 6065 5460 -605 | 8) 
Standardized CBR......c.ccee 42.7 Stet o «13 
Unstandardized CBR........--. 42.9 38.6 = 4,3 =10',0 


KOREA: 1957-66 


VW524G FEACS ccniewsn cess a a 38 12 -26 -68 
De eave AMG easier os + 910.00 6 8:0 232 206 -26 245 
GES) Sa Oe 337 310 aor 18 
SUSAR CEAS eas veers cece .| 283 252 31 ad 
ABE COG SORE Ria s+: vies .0's + all 282 163 -~69 sO 
AQAA VOOTBsecectsseerese o{ 218 85 =33 - 28 
A52AG FEATS. o 5 sires cccceee es 18 15 ae a t'7, 
Standardized GFR......+.-. ‘s n,a nae n.,a n,a 
General fertility rate..... n.a 
Total fertility rate...... . -17 
Standardized CBR......-++++ ie 


Unstandardized CBR......--. Z 43.8 


Source: ‘Progress and Probiems of Fertility Control Around the World," 

Demography, 5 (2) 1968. Data for Puerto Rico extracted from 
Jose L. Vasquez, "Pertility Decline in Puerto Rico: Extent 

and Causes," pp 855-865, Data for Malaysia, from Lee-Jay 

Cho, James A, Palmore and Lyle Saunders, "Recent Fertility 
Trends in West Malaysia," pp 732-744, Data for Korea from 
Lee-Jay Cho and Man Jun Hahn, "Recent Change in Fertility 
Rates of the Korean Population," pp 690-698, 
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earlier period, is takenas standard. The age-spechie birth r ss oes 
the later date are applied to this age composition to get expecte sad s. 
The sum of the expected births is then divided by the total population 

of the standard population (males and females of all ages). Alterna- 
tively, expected births may be divided by the tated standard female 
population of all ages; the result thus obtained is then divided by the 
proportion of the total population (both sexes) that was female 

as of the date to which the standard population refers. 

Table 18-8 represents measurement of fertility change in three 
developing nations: Puerto Rico, Malaysia and Korea. In each case, 
the authors make use of the model presented above, with the exception 
of the GFR and the age-standardized GFR. 

Often fertility changes occur simultaneously with other changes, 
and there may be some confusion as to whether or not the changed fer- 
tility levels are due to these other changes. One of the most common 
such changes is the age at marriage. If birth rates begin to fall in a hig 
fertility population, there is likely to be a decrease in child marriage. 
It then may be unclear whether the lower fertility is due to increased 
use of contraception or simply to postponement of marriage, with con- 
sequent postponement of childbearing. The solution, of course, is to 
compute the four basic measures as nuptial or conjugal rates, and to 
measure changes in nuptial fertility rather than in total fertility. (For 
a discussion of nuptial fertility, see Section 18-9, below.) This should 
be accompanied by a careful study of the proportions married at each 
age to determine just how much change in age composition of the ex- 
posed population has taken place. Table 18-9 illustrates such compu- 
tations for the United States. (The rates used computing GFR(N) and 
TFR(N) are those presented in Table 18-13.) 


Table 18-9. CHANGE IN NUPTIAL FERTILITY IN THE 
UNITED STATES: 1960-65 


Difference 


1960 1965 
Absolute 


Percent 
change 


15-19 years 
20-24 years 
25-29 years 
30-34 years 
35-39 years 
40-44 years 


-6.3 
-21.1 
=90S 
-18.0 
-18.8 
-19.0 


GERGN) cscs 
GFR(N) stan- 

dardized...... 
TERGN)\s Ae 
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Holding marriage status constant across groups, it appears 
that very little of the decline in age-standardized GFR can be attri- 
buted to changes in marriage patterns. (Compare Tables 18-7 and 
18-9.) GFR(N) standardized for age shows only a slightly smaller 
percentage decline than GFR standardized for age. TFR(N) shows 
a somewhat smaller relative decline than TFR, primarily because of 
the small relative change in the fertility of married girls under 20 
years of age. 

18-7. Longitudinal (Real Cohort) Measures of Fertility. The 
fertility measures discussed in Section 3 refer to a cross-section of 
the population during a period of time. They are therefore called period 
or cross-sectional rates. The technique of building up estimates of the 
number of children a cohort of women would bear in their lifetime 
(TFR), or up to a certain age (CFR), if they were to bear children in 
accordance with a particular schedule of period age-specific fertility 
rates, is one of constructing hypothetical cohorts. However, we may 
construct these same five basic measures in terms of real longitudinal 
cohorts. 

Longitudinal fertility analysis keeps a record of (or estimates) the 
births that occur year after year to groups of women as they pass 
through the childbearing ages. From these data, collected over the 
30 or 35-year age span from the woman's 15th to her 45th or 50th birth - 
day, longitudinal fertility measures are calculated. 

Although the longitudinal analysis of fertility and reproduction has 
its roots early in demographic history, it is only recently that demo- 
graphers have begun intensively to study fertility from the real cohort, 
or longitudinal, point of view. An early large-scale empirical study 
was that of Depoid (1941). Shortly thereafter a number of studies 
appeared almost simultaneously in several nations. The Basic 
Readings list the major ones. From this list it can be seen how, 
within a period of about eight years, longitudinal studies of fertility 
and reproduction appeared for France, Sweden, Norway, England and 
Wales, India, and the United States. Whelpton, Woofter, and Ryder 
have been the leading exponents of this approach in the United States. 

The present chapter only introduces this topic; a later chapter is 
devoted entirely to the longitudinal study of fertility and reproduction. 

18-7a. The Longitudinal Fertility Cycle. Assume, as a pre- 
liminary definition, that for longitudinal analysis of fertility a real co- 
hort is defined as a group of women born in a given calendar year. The 
object of longitudinal fertility analysis is to observe how many child- 
ren this group of women has borne during its lifetime. 

From the moment of birth onward, the members of a real cohort 
are exposed to the likelihood of dying; the probability of death at each 
age is that specified by a female generational life table for the cohort. 
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As they approach middle and late adolescence, some of the group begin 
to marry and then to have children. As the cohort approaches and — 
ters the early twenties, it marries in increasing numbers; by the time 
it has reached age 30, all but a small fraction have married. Within 
one or two years after marriage a certain proportion of women have a 
child, and of these a certain smaller proportion have a second child. 
Successively smaller proportions will proceed to have their third, 
fourth, and higher-order children. As the group goes through its 30's, 
the minority of never-married women is reduced still further by mar- 
riage, and the married women continue adding to the cohort's accumu- 
lating fertility by adding to their families. 

A certain proportion of those who bear no children (though 
married) are involuntarily infertile, while the remainder have no 
children because they consciously prevent conception or birth. After 
one child has been borne, a certain additional proportion of women may 
begin efforts to prevent further conceptions. This fraction may in- 
crease after each additional child has been borne. 

Throughout their married lives, the women are subject to loss of 
their husbands by death or divorce. Of those whose marriages are thus 
disrupted, a certain proportion remarry after varying lengths of time. 

Finally, as the cohort enters its late 30's, its members be- 
gin to lose their childbearing potentiality as they enter menopause. By 
the time age 50 is attained, all but a tiny fraction are no longer fertile, 
and the childbearing history of the cohort comes to a close. Mean- 
while, other real cohorts of women are passing through each phase of 
the longitudinal fertility cycle to maintain a steady stream of replace- 
ments for those passing on to an older age. 

18-7b. Real Current Fertility, Cumulative Fertility, and Com- 
pleted Fertility. The fertility of a real cohort may be expressed in two 
principal ways: (a) its current fertility, births in a particular year of 
age; or (b) its cumulative fertility, births up to a specified age since 
the beginning of childbearing. When all members have passed through 
the childbearing span (when current fertility has declined to zero), the 
cumulative fertility becomes completed generational fertility, or the 
omg ie children borne by the real cohort in its entire fertile lifetime. 

~‘¢. The Need for a Longitudinal Analysis of Fertility. 
| ea life, a real Benor of women bears children 
at are not exactly duplicated by any other real cohort. 
my ot be exactly apictod be nn ins 1 proportions wich 

OF Slime of ca . i cohorts that breteds or follow it. 

BB ditionert teoc ie en Ds do so at a distribution of ages that 
of earlier or later cohorts. 
children in precornyntrzY tend to bear zero, one, two, three, ete 
may be different from other cohorts. This 
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can lead to a different level of completed fertility for the cohort. 

(4) The timing of childbearing may differ from cohort to cohort. 
Some cohorts may wish to start childbearing immediately after mar- 
riage and space their children closely together, while other cohorts 
may prefer to have their families in later life, only after having en- 
joyed a somewhat prolonged span of freedom from childbearing during 
the early years of marriage. In still other cases couples may distri- 
bute children rather widely over the years during which children may 
be born. In all three cases, the total number of children born may be 
the same--the difference being merely in the timing. If this timing is 
prescribed by social definition, or is a commonly accepted policy in 
a population at a given time, then the real cohorts that subscribe to a 
particular policy will have their children by a timing pattern that is dif- 
ferent from that of cohorts that subscribe to other timing policies. 

(5) Wars, epidemics, civil disorder, or other conditions may 
disrupt the life of family units by separating spouses or making it im- 
possible for them to bear children. Such interruptions to conjugal life 
occur in particular years, and would have their greatest effect upon the 
real cohorts that are just nearing or are at the peak rate of marriage 
and family formation. These catastrophes may also affect the inci- 
dence of widowhood and divorce. 

(6) Economic conditions may fluctuate a great deal. During 
periods of high level employment, easy credit, and high wages, families 
may be started more easily and at younger ages than under conditions 
of greater unemployment, low wages, and tightened credit. Hence, 
each cohort may bear the impress of the economic conditions it has 
experienced. 

Thus, the fertility history of a real cohort is shaped by many 
factors. These factors may be cyclical or other temporary fluctu- 
ations or they may be fundamental changes in fertility attitudes and 
cultural prescriptions. These factors tend to impinge on each cohort 
in a unique pattern and sequence that is not exactly duplicated by any 
other cohort. The action of a cohort at any time is determined, not 
solely by conditions of the moment, but also by its cumulative experi- 
ence up to the present and by the conditions which it anticipates to lie 
immediately ahead. Unlike mortality, which is largely involuntary and 
about which public attitudes, cultural practices, and private efforts 
all have a unilateral tendency, fertility is an event that is everywhere 
subject to some degree of human volition; hence, it is subject to in- 
fluence by a much wider variety of forces. These forces do not all 
act uniformly in one direction; they may fluctuate in the direction of 
encouraging fertility at some moments and of discouraging it at others. 
Because of these facts, there is great need for a study of real cohort 
fertility or the study of fertility behavior over time. 
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analyses of fertility, ae 
an waa 
within specified intervals oO! tl 7 
a also could be defined in terms of marriage ae or Pies 
i i ithi ified intervals of time. 
ons who first married within spec vs 
great be specified by some other time-related event. The arene 
tion which follows is in terms of birth cohorts, but the same principles 
can be applied to cohorts defined in other ways. Birth cohorts are 
identified by the year(s) of birth. . 
18-7e. Basic Cohort Fertility Rates. The same five ri : 
fertility measures defined in cron terms in Section 
i j itudinal terms as follows: 
may be defined in longitudina . 
(1) Longitudinal Crude Birth Rate. If a real birth cohort (both 
sexes) were followed throughout its life, its crude birth rate would be 


defined as: 


CBR(L) == - 1000 (5) 


where B is total births that occurred to the cohort 
during its lifetime, and 
P is total number of person years of life lived 
by the cohort. 


(2) Longitudinal General Fertility Rate is defined as: 


B 


SOLAS 


GFR(L) = 


1000 (6) 


where 3 9C,5 is the total number of person years of life 
lived by the female members of the cohort 
between their 15th and their 45th birthdays. 


It is the average rate of childbearing (in terms of births per 1,000 
women in the childbearing ages) for the female members during their 
reproductive span. 


(3) Longitudinal Age-Specific Fertility Rate is defined as: 


wo 


x 
ASPRCL) = =e 
(L) G 1000 (7) 
3K 
where s is the number of children born to female members 
of the cohort between their xth and (x+1)th 
birthdays, and 
ue is the number of person years of life lived by the 
female members of the cohort between their xth and 
their (x+1)th birthdays. 


These rates may be computed for Single years of age or for 0-year or 
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other age groupings. They express the rate of childbearing by the co- 
hort at each age, in terms of the births per 1,000 women of each age. 
(4) Longitudinal Total Fertility Rate is defined as: 


44 


TFR(L) = 3 ASFR(L) (8) 


15 


It is the average number of children 1,000 women of the cohort would 
bear in their lifetime if there had been no cohort mortality during the 
childbearing years. 

(5) Age-Cumulative Fertility Rate is defined as: 


x 
ACFR(L) = > ASFR(L) (9) 
15 


where x is some designated age. 


It is the average number of children 1000 women.of the cohort would 
bear from the onset of childbearing up through the age specified by x, 
provided there was no mortality during the interval between age 15 and 
age X. 


ee eee oe 


ne 


irrespective of the calendar years in which the person-years at age x 
are spent. Unless the data for births and the census are both tabulated 
in terms of cohort identification (year of birth), it is impossible to tab- 
ulate any of the rates defined in Section 18-7e directly. Instead, it is 
necessary to estimate them from conventional calendar -year tabulations 
of births and population. The problem may be clarified by the diagram 
of Figure 18-2, which is a matrix with single years of age across the 
captions and single calendar years down the stub. This table repre- 
sents the conventional form in which birth statistics are reported: each 
cell may represent the number of births to mothers of each particular 
age during a succession of calendar years. Alternatively, each cell 
may represent the average (mid-year) population of women of each 
particular age during a succession of calendar years. 

The period measures of ASFR (Section 18-3) would be computed 
by dividing the number of births that are classified ina particular cell 
of the table by the number of women that are in the same cell of a 
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corresponding table referring to women. 
cell (indicated by a black dot), which is the denominator of the rates, lie 
along the principal diagonal of the table. The women who comprise this 
mid-year population are drawn from two real calendar year cohorts. 
Note, for example, the year of birth of women who bore a child at 

age 15 in year z. One part of them had celebrated their 15th birthday 
in year z-1 and then had their child in year z before having their 16th 
birthday. Such girls must have had their 15th birthday during the 
interval between January 1 and December 31 of year z-1; let us 

identify this as cohort 1. The second real cohort is comprised of 


The mid-year population of the 


DIAGRAM REPRESENTING RELATIONSHIPS BETWEEN CROSS- 


Figure 18-2. 
SECTIONAL AND LONGITUDINAL FERTILITY 


—— 


Age of woman 


Calendar 
year 


——-—-—-—-—-- Ss 


——————== Cohort 1 


Cohort 2 


Cross-sectional fertility 
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oe. UR X in the year before bearing a pre ss 
entified by the symbol "a" before the age designati 
ion x. 
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Those who had their birthday x in the same year they bore a child at 
age x will be identified by the symbol "'g" before the age designation. 
Let us identify real cohorts by a superscript to the left and be- 
fore the symbol identifying a population. For example, we could 
define the women aged x in 1970 the cohort born in 1940 as "yi, 
We can now identify the women who comprise the mid-year pounanive 
of a given age in terms of the real cohorts (year of birth) to which they 
belong, as follows: 


Z-x-1,4 Women aged x in year Z who had their birthday x during 
gx the year preceding Z (part of cohort 1) 


Z-X,,4 Women aged x in year Z who had their birthday x during 
ax year Z (part of cohort 2) 


Figure 18-2 illustrates the real-cohort components of women aged 15 
in calendar year z. If we identify births by age of mother, all of the 
births that occur in a given calendar year can be attributed to one of 
two cohorts as follows: 

Z-x-1,2 Births to women aged x in year Z who had their birth- 


gx day x during the year preceding year Z and who bore 
a child in year Z 


Z-x),4 Births to women aged x in year Z who had their birth- 
ax day x during the year Z and bore a child during year Z 


By substituting these two sets of definitions into equation (3) we 
are able to define the ASFR for year Z in terms of the portions of real 
cohorts of which it is comprised. 

ae a rs Z-x),Z 


gx ax 
(10 
ASFR for women age xX es Pi Z-X2 ; 


gx ax 


2 will show that longitudinal age-specific fertility 


Study of Figure 18- 
(example for cohort 2) are computed as: 


rates for a real calendar cohort 
T-x_7, Tx Zt 


ees BS. 
ae 8 - 1000 (11) 


See = ee ae 
1 
Z- x4 ‘ Zn X 2+ 
ax gx 


ASFR(L) = 


The dotted portion of Figure 18-2 identifies the groups that would be 
involved in computing a longitudinal age-specific fertility rate for 
women aged 15 in the cohort Z-x (cohort 2). 


Equations (10) and (11) teach us that if we can divide the birth- 
two components, one associated with ax 


days which women have into 
we can compute ASFR either on a cross~ 


and one associated with gx, 
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sectional or ona longitudinal basis, whichever we os m 
In order to divide conventional calendar year data into these two 

components, a separation factor of . 5 is valid for all age sbi : 
We can now State a rule for estimating both the numere or an 

the denominator of real calendar year cohorts from conventhaaas 

vital statistics tabulations of births and conventional mid-year popu- 
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by two. Then add the one-half for the year in which it first became 


possible for the cohort to have birthday x to the one-half for the same 


——is ee 


age group for the year following. Reading the above rule and noting 
the shaded portion of Figure 18-2 will make the procedure clear. 

It is important for demographers to appreciate that this process 
of extracting longitudinal data from cross-sectional tabulations has the 
effect of smoothing year-to-year fluctuations by a moving average tech- 
nique. The oft-noted smoothness of longitudinal measures is largely a 
function of the mode of deriving the data. 

IMPORTANT -- Please note that for real cohorts the "mid-year" 
population (population average age x + 0.5 years) lies at the center of 
the diamond-shaped shaded area and that it has its xth birthday on an 
average at the end of year z and start of year z+ 1. Thus a real cohort 
age x refers to women who are, on an average, one-half year younger 
than the period rate for the same age group. 

18-7g, Fiscal Real Cohorts. Figure 18-2 refers to real 
calendar year cohorts. An alternative procedure is to use fiscal 
cohorts, or groups of women born between July 1 of one year and 
July 1 of the next. (The term "'fiscal year'' is appropriate for the 
United States, where government fiscal accounts are kept in terms 
of years beginning July 1. We use the term here only to avoid cum- 
bersome terminology.) Figure 18-3 illustrates the problem and its 
solution. It may be seen that the fiscal cohort contains women who 
were born in three calendar years (Z-1, Z, and Z+1 for age x). The 


distribution of person years in year of age x for these women, however, 
is as follows: 


Year Percent 
2=1.o ee {2.5 
Za eo20) 

y fad Way 12:5 
100.0 


The exact formula for derivin 


g fiscal cohorts from conventional period 
tabulations is: 


ASFR(L) = ST : 1000 (12) 


125 F + ,750 F Z+1 


+ .750 Be oiegn 
Z 
eo) i 
x x 
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Figure 18-3. DIAGRAM REPRESENTING RELATIONSHIPS BETWEEN CROSS- 
SECTIONAL AND LONGITUDINAL FERTILITY BASED ON FISCAL YEARS 
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The fact that three-fourths of the women in a fiscal cohort have 
their birthday x in the same calendar year as they bear a child at age x 
leads naturally to an approximation of substituting the 25 percent of 
the births that occur to other cohorts at age x in year Z for the 12.5 
percent from Z-1 and 12.5 percent from Z+1. In other words, the con- 
ventional period ASFR is an approximation of the ASFR for a fiscal 
real cohort. 


Fiscal ASFR(L) = ASFR (13) 


Which of the two types of real cohorts should be used--the calen- 
dar year cohort or the fiscal cohort? It is recommended that unless 
considerations dictate otherwise, the fiscal cohort as defined in (13) 
be used for studies of longitudinal fertility. This procedure has the 
following advantages: 

(a) It is less of a moving average when calculated from period 
data than are calendar cohorts, and hence preserves more 
of the year-to-year uniqueness of cohort experience. 

(b) The average birthday is July 1, which is identical with 
ASFR; differences in age composition and time referent be- 
tween real and hypothetical cohort measures are removed. 

(c) It is much easier to compute; since it is taken to be identical 
with ASFR, only one set of computations is needed. 

When done in terms of single years of age and single calendar years, 
the error created by using the approximate equation (13) is so tiny as 
to be insignificant. 

In its studies of longitudinal fertility from fertility histories, the 
U. S. Bureau of the Census has generally worked with calendar-year- 
of-birth or calendar-year-of-marriage cohorts. 

18-7h. Age-Groupings of Real Cohort Data. The principle of 
adopting ASFR as an approximation of fiscal real cohort rates applies 
only to data for single years of age for single calendar years. Age- 
groupings for 5-year ages may be computed from the raw data for the 
single years, summing births and woman-years down the diagonal 
separately, and then dividing to geta rate. Longitudinal analysis 

Satay is attempting to measure small differences, and any form of 
abridgement, except the precise one, introduces data for other cohorts 

sau the analysis and tends to destroy the information that is uniquely 
derivable by the cohort approach. 
18-Ti. Example of Construction of a Real Cohort. In Principles 
igi ale ynrs fom IOI to I966 are open a 
o 1965 are reported. From this table 
slcting a eahort of terest and following Soe 

table, ae a nd following it down the diagonal of the 
) , & increments of one year of age and one calen- 
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dar year. Table 18-10 illustrates the fiscal approximation for this 
real-cohort ASFR for the cohort born in 1907. 

Table 18-11 represents the complete schedule of ASFR for two 
very different cohorts: one which reached peak fertility during the 
midst of the economic depression of the 1930's and one that passed 
through its early years of high fertility during the "baby boom" that 
characterized United States fertility from 1946 to 1960. It is instructive 
to compare the schedules of age-specific fertility rates, the cumulative 
fertility rates, and the proportion distribution of fertility for these two 
cohorts. The "baby boom" cohort produced an average of one more 
child per woman than the "depression" cohort; yet after age 35 the 
ASFR for this cohort were lower than for the depression cohort. By 
the end of age 35, the baby boom cohort had borne 93.4 percent of its 
children, but by this age the depression cohort had borne only 87.9 
percent. Apparently, the depression cohort was attempting to ''make 
up" births that had been postponed during the economic depression. 

Note that, for both cohorts, 50 percent or more of all child- 
bearing is completed by age 25 and 90 percent by age 37. The more 
recent cohort is completing its childbearing ata significantly earlier 
age than the older cohort. 

18-7}. Cohort Analysis of Fertility Change. If all fertility 
changes were due entirely to annual fluctuations in fertility levels, 
there would be no cohort effect. In this case, each fertility change that 
occurs would affect all cohorts equally. However, if some cohorts 
were changing their fertility more rapidly than other cohorts, we 
must acknowledge a cohort effect. Evidence of a cohort effect is 


provided by the indices of relative change in ASFR. In Table 18-7, 


for example, relative fertility decline is shown to be much greater 


for the younger than for the older ages. If all age groups were to 

show the same percent change as the GFR, there would be no 

cohort effect; significant deviations of relative change for particular 
ASFR from the relative change of GFR is evidence of a cohort effect in 
fertility change. It is possible to know not only the extent of overall 
cross-sectional change in fertility, but which particular cohorts are 

In some developing nations it has been discovered 
that when birth rates start to decline, it begins among the older cohorts 
of women who are weary of childbearing and spreads gradually to young- 
er cohorts. In other situations, it may be the younger women in their 
late 20's and early 30's who, being less traditional and more willing to 
accept new ideas, initiate fertility decline. Modernization sometimes 
brings about a rise in fertility at the very youngest ages while promoting 
fertility decline at all other ages. In all cases, the measure of percent 


change in ASFR in comparison to percen 
cohort differences. 


contributing to it. 


t change in GFR reveals the 
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Although highly useful, the above procedure is only a first approxi- 
mation to the study of cohort effects upon fertility change. More 
sophisticated approaches are only now in the process of development, 
and much research remains to be done. These approaches must begin 
with the recognition that fertility change is variation from some average 
or typical pattern, and that this variance must be partitioned into two 
components: one due to "annual effects" and one due to ''cohort effects.” 
If this is done, it is possible to understand better the year-to-year 
changes in fertility that occur. Bogue undertook to make such a 
division for the fertility changes in the United States in Section 18-14 
of Principles of Demography. The procedure followed there was to: 

(a) Develop an average age-pattern of fertility by averaging 
cross-sectional ASFR for many years; 
(b) Derive the deviations of ASFR from this average for each 
age for each year--this is the "variation to be explained"; 
(c) Estimate the cohort effect by isolating the unique age- 
patterns that emerge in particular years. This is done 
by setting up a model where TFR are equal for all calendar 
years but are distributed according to age by the relative 
size of ASFR to the actual TFR for the year. Subtracting 
average ASFR from such values reveals unique age effects 
that cannot be attributed to the average fertility level for 
the year; 
(d) Estimate the calendar effects as a residual, subtracting the 
deviations of (c) from the deviations of (b). 
Results of these calculations for the United States revealed that for most 
years, the annual component is substantially larger than the cohort com- 
ponent. During times of major transition from high to low fertility, the 
cohort component tends to take on more importance; and during major 
transitions in marriage patterns it is very large. When averaged over 
half a century of experience, however, the annual component accounts 
for about twice as much variation as does the cohort component. If 
these findings can be generalized to other situations, it suggests that the 
major task in studying fertility change is to measure the annual change 
and then to attempt to use cohort analysis to modify or qualify the re- 
sults of such cross-sectional analysis. Questions such as "Is the age- 
pattern of marriage changing?'"' and ''Is the timing of childbearing 
within marriage changing?"’ need to be asked and answered, at least 
tentatively. In this way, meaning may be attached to the differences in 
relative fertility change observed for ASFR. 
18-7k. Children Ever Born Data and Fertility Change. How 
useful are children ever born data taken from successive censuses in 
revealing fertility change? If they are used as cross-sectional indices 
of current fertility change, they can lead to inferences that are com- 
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pletely erroneous. When it is appreciated that CEB date refer se 

ive (rather than current) fertility, one realizes 
ev aie i d in the proper context. If the 
that they must be used with caution and In PFOp . 
data are of equally good quality and were collected ona vena e 
basis, they can be most useful. The analysis may be conducte grag 
on a straight cross-sectional basis, or it can be done by studying e 
changes in behavior of specific real cohorts in comparison to ae 
real cohorts when they passed through these ages. Table 18-12 illus- 
trates the computations that may be made. The analysis may be made 
either in terms of overall ratios of children to women or in terms of 
proportions of women who have borne specific numbers of children of 
each order. If birth rates change in a population, especially at the 
younger ages, that fact will be signalled by age-specific rates of chil- 
dren ever born. For populations subject to fertility fluctuations, fertili 
change measurements computed from children ever born data must be 
interpreted with caution because they do not necessarily measure recent 
changes in fertility at the ages indicated. Because they are cumulative 
fertility measures, they are able only to state a net balance as of the 
date of the census. For example, we know that in 1960 the ASFR for 
women over 30 years of age were declining rapidly. Nevertheless, the 
CEB data for ages 30-39 show a great increase over 1950. This is due 
to the higher fertility of these women when they were younger, carried 
forward to older ages. Because of their cumulative nature, CEB data 
for low birth rate populations are insensitive to current fertility. 
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Table 18-12. ygr or CHILDREN-EVER-BORN DATA TO 
MEASURE FERTILITY CHANGE; FOR THE UNITED 
STATES: 1950-60 


Children ever born 
per 1000 women 


Age 


Percent 
change 
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As a general principle it must be acknowledged that there is no 
known way of estimating the level of current fertility from changes in 
the CEB data. The researcher is advised to make use of information 
on age distributions, on "own children" and from the regression equa- 
tions to estimate measures of current fertility for two successive 
periods. (These procedures are described below. Whatever biases 
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each of these procedures may have, the same bias will tend to appear 
in the estimate for both dates, with the result that the measurement 
of change will tend to be surprisingly accurate.) 

18-8. Central Rates Versus Birth Probabilities. All of the 
fertility rates presented above (both period and longitudinal) are central 
rates; they take as their base the mid-interval population. A birth 
probability, in contrast, takes as its base the population as of the 
beginning of the interval. It answers the question, "What is the 
probability that on her x-th birthday a woman will bear a child within 
the next 12 months?" The distinction between central rates and birth 
probabilities is clarified by the following diagrams: 


Births Births 


Central rate Birth probability 


This distinction was pointed out in the study of mortality, where the 
central death rate M, was differentiated from q,, the probability of 
dying in the year of age x. The appropriate date for the denominators 
for birth probabilities for the classes of rates presented thus far are: 


ASFR (period) January 1 of year Z 
ASFR (Longitudinal-calendar) July 1 of year Z 
ASFR (Longitudinal-fiscal) January 1 of year Z 


These are the average birth dates of the cohorts involved. 

The distinction between central fertility rates versus birth prob- 
abilities is therefore a matter of how one defines the women to which 
the denominators refer. Birthprobabilities take as their base a popu- 


lation 6 months younger than the central rate for the same age. Births 
(the numerator) must then be tabulated or estimated to represent the 
fertility of the women while they are in the status specified in the de- 
nominator. 

One unique difference between birth and death probabilities is 
that the act of giving birth does not affect the status of the mother as 
a member of the original cohort. Death removes the person from the 
cohort and obviously prevents her reappearance at later ages. The 
population of the cohort is changed and we must take this into account. 
Giving birth makes no such change necessary. The women who bear 
children in one year are eligible to be exposed to the likelihood of 
bearing children in the next. 

On their x-th birthday a real cohort of women may be expected to 
be exposed during the next 12 months to two forces: fertility and mor- 
tality. The birth probability approach implicitly assumes there will be 
no mortality during the year. The central rates approach recognizes 
that mortality does occur throughout the year and that the mid-interval 
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population is an unbiased estimate of the women who are eee te 
childbearing. However, it is possible ‘s adjust the denomina AA : 
birth probabilities for mortality. If this 18, CARE it hecomes a sag 
of the number of woman months that surviving women will spe 

tween two successive birthdays. Because at YOUDEOE ages baxtility 
changes greatly within even six-month intervals, birth probabilities 
can have very different values from central rates. ‘- 

18-9. Nuptial (Conjugal) and Illegitimacy Fertility Rates. A 
major criticism of the basic fertility measures is that they are not 
truly based on ''exposed”’ populations. They include women who have 
never married or who are widowed or divorced; such women are not 
exposed to "legitimate" or socially normal childbearing. A refinement 
that is proposed, therefore, is to compute nuptial fertility rates, in 
which the numerators refer to legitimate births and the denominators 
refer to married women. Many nations of the world classify births 
as legitimate or illegitimate. In such cases, it is possible to calculate 


- 1000" , 9 me (14) 


ASFR(N) = i - 1000 
x 


where or) are legitimate live births to women of age x, and 
BS 


Eee are married women of age x. 


Table 18-13 illustrates the procedure for computing these rates. 
It is important to understand the nature of the relationship 


between ASFR(N) and "regular" ASFR. If all births occur within 
marriage, we may write: 


Neth ie + 2. 1006 (15) 


where ES is the married female population of age x, and 
F.. is the total female population of age x. 


But B,/"P, is the definition of ASFR(N); and Me /*F, = p(n), 
or the proportion of women of age x who are married. Thus: 
ASFR = ASFR(N) + p(n) , and (16) 
ASFR 
ASFR(N) = ‘ 
re (16a) 


Thus, where all births are le 


gitimate the nuptial fertility rates are 
Simply "regular" 


fertility rates weighted by the proportion of women 
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who are married. We may use equation (16) to convert from one form 


to the other. This relationship holds for GFR as well as for ASFR. 

When a significant proportion of births epeur to women wile vet 
single, widowed, or divorced, the nuptial fertility concep: s Deg e 
take on moralistic, class and ethnic connotations which sa renGare er 
may not desire. Moreover, the fact thet-under meee conditions Ontr a 
portion of all fertility is included as nuptial fertility may be undesir= 
able. Under these circumstances, it may be aay ibable to pcs from 
the concept "de jure nuptial" (legally married) fertility to = take nup 
tial" (sexually active) fertility. In this case, all births are divided by 
a denominator which is an estimate of the female population of repro- 
ductive age who are cohabiting, irrespective of their legal marital sta- 
tus. From sample surveys or other estimates, a standard distribution 
of the proportion of women of each age who are cohabiting may be 
developed and used as a substitute for the distribution of legal marital 
status by age. 

TFR(N) is defined as the number of children 1000 married women 
would bear if they were to marry according to a standard age pattern 
typical for that population, and thereafter were to remain married 
until the end of the childbearing ages. It is calculated by multiplying 
the ASFR(N) by a proportion which indicates the portion of those women 
who eventually marry before age 45 or 50 that actually have married 
by the time they attain each age between 15 and 45 or 50. Ideally, thes: 
proportions should be derived from a nuptiality table. Alternatively, 
they may be derived from the percent married at each age according 
to the most recent census. In this latter case, the percent ever-mar- 
ried at age 35-39, 40-44 or 45-49 (whichever is larger) is taken as a 
base and the percent ever-married for all other ages are divided by it. 
The result is a set of weights the highest value of which is 1.000. [If 
age 35-39 or 40-44 is the base of the system, all ages following must 
be given a weight of 1.000 also. Table 18-13 illustrates the procedure 
and gives additional instructions. 

Since nuptial TFR is a standardized rate, it is therefore subject 
to the limitations of all Standardized rates. When comparing such 
rates where different schedules of nuptiality age distributions are 
employed, it is important to recognize that nuptiality is not held con- 
stant. To accomplish this, the same Standard nuptial distribution must 
be used for all data being compared. 

GFR(N) may easily be standardized for age composition, as illus- 
ried pee in. a this example, the age distribution of the mar. 

ed States is used as the standard population. 
wit of GFR(N) follows the logic for indirect stan- 
a) J ooeeeeoilar rates. A note meihelnrtorn of the table speci- 
fies the steps for indirect standardization of GFR(N) 
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Nuptial fertility rates can be calculated on a real cohort basis 
following the principles of Section 18-7. 

Illegitimacy (Exnuptial) Rates. The women who are exposed 
to bearing illegitimate children are single, widowed, and divorced. It 
is possible to construct the same four measures (outlined above for 
nuptiality) simply by substituting illegitimate for legitimate births in 
the numerators and the "not-married women" for the ''married women" 
in the denominators. Christopher Tietze has suggested that these 
rates should be called "exnuptial rates" rather than "illegitimacy 
rates.'' We favor this change, but we will also retain the old termin- 
ology in the exposition which follows. 

1. General illegitimate (exnuptial) fertility rate: 

i i 


GFR(E) = — - 1000 (17) 
NE 


where “pn is the number of illegitimate (exnuptial) births, 
and 
Np is the number of single, widowed or divorced 
females of childbearing age (not-married female 
population). 


2. Age-specific illegitimate (exnuptial) fertility rates: age- 
specific illegitimate (exnuptial) rates are a straightforward 


extension of definitions already established. 
i 


ASFR(E) = ae * 1000 (18) 
es 

GFR(E) will be greatly affected by age distribution of the not- 
married population and, therefore, should be standardized by age. 
The procedure is illustrated in columns (4) and (5) of Table 18-14, A 
representative age distribution of 1000 not-married women is estab- 
lished and is used as a standard to weight the ASFR(E). Because in 
this example the standard population is derived from the example 
itself, GFR(E) standardized and unstandardized are equal. 

For TFR(E) it is necessary only to sum ASFR(E) and multiply 
by 5. This indicates the number of illegitimate children 1000 women 
would bear if they were to remain unmarried throughout their repro- 
ductive lives and, meanwhile, be exposed to childbearing at each age 
according to the rates specified by ASFR(E). 

The illegitimacy (exnuptial) rates can also be calculated on a real 
cohort basis by following the principles of Section 18-7 in making the 


calculations. : . 
18-10. Calculation of CBR and GFR from Age Distributions. 


—— 


As yet many nations do not have ade 
births from which to measure fertility rates. 
these same nations, however, a reasonably accurate census 1S now 
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available. Almost invariably, these censuses provide detailed tabu- 
lations of the population by age and sex. By techniques to be described 
in this section it is possible to compute the crude birth rate and the 
general fertility rate from these age-sex distributions. An approxima- 
tion to age-specific, total, and cumulative fertility rates can also be 
made. Thus, it is possible to compute or estimate from census age 
data all of the five basic fertility measures developed in Section 18-3. 
Clearly, this should have great utility in estimating fertility in nations 
where vital registration is defective. It means that at least once each 
decade a measurement can be made. The applicability of these tech- 
niques certainly is not confined to the nations that lack accurate and 
complete counts of vital events, however. Vital statistics necessary 
for conducting studies of trends over earlier decades may be completely 
lacking or too inaccurate to be of use. Even where highly accurate 
registration systems are operating, the birth data may fail to provide 
information for the particular units of area that are needed to make a 
particular study. For example, births may not be tabulated for census 
tracts or for individual cities and small towns within the state or pro- 
vince or county. With the techniques developed below, fertility measures 
may be generated for any area for which age-sex data have been tabu- 
lated. Moreover, these measures may be standardized to control area- 
to-area differences in age. 

If a census is taken in a given year z, it is almost self-evident 
that the children enumerated as being under one year of age (in the first 
year of life) were born during the 12 months preceding the date of the 
census, or between the census date in year z and the same date in 
year z-1. If the population is a closed one (no in-migration or out- 
migration), the infants enumerated must be the survivors of the in- 
fants that actually were born during that year. By multiplying the 
census count of children under one year of age by a reverse survival 
ratio, the number of births which the children represent can easily 
be determined. 

The reverse survival ratio is obtained in the following manner. 

In a life table population, the number of children living in their first 
year of life ina continuously born cohort is specified by Ly. These 
represent the survivors of births 1,, which is usually taken as 100,000. 
Thus, the proportion who have survived from birth and are in the year 
of age 0-1 is specified by the ratio L,/ly- Conversely, the ratio of the 
original cohort of births to the survivors is the reciprocal of this, or 
lo/ Los » This ratia, multiplied by the census count of persons under one 
year of age (adjusted for underenumeration), gives the estimated births 


during the calendar year preceding the census. 
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Births in year 2-4 = C. ie o°B * Co 


48 


£ 
where pé is the population aged O-1 years at census coun 


in year 2, a ee 
are life table values, 

= cepa Lo/lo, the estimated proportion of total 
births in year z-1 that survive to be in age O-1 
at the time of the census, and 

Cy is the proportion of children aged 0-1 years 
enumerated by the census, This is a correction 
factor which converts the census count of persons 
in an age group (0-1 years) to an estimate of the 
"true count’ of this age. 


The expression gSp is a conventional survival ratio. Using it 
as a divisor (multiplying by its reciprocal) converts it into a reverse 
survival ratio, or a ratio which converts survivors into estimates of 
number of living persons at some earlier date. 

This method presumes that a life table is available which speci- 
fies a mortality experience that is similar to that of the population 
at the date for which there is a census. Even where the life table must 
be borrowed from another nation with similar mortality experience or 
derived from a model life table, it has been found that the resulting 
estimates of births can be sufficiently accurate to lead to reasonably 
correct estimates of the birth rate. This does not imply that just any 
life table may be used. It is essential that whatever life table is used, 
it be the best possible estimate of the force of mortality (especially at 
the younger ages) actually at work in the population during the years 
for which a fertility estimate is being prepared. 

The degree of precision that will be demanded in any specific 
case will be determined by how much knowledge is already available. 
If a nation knows nothing of its fertility level, the demographer will be 
performing a genuinely important service if his estimates are correct 
within 5 or 10 percent. If census data are carefully adjusted for errors, 
results can be obtained that are quite precise. 

By a line of reasoning similar to that laid down for equation (19) 
it may be seen that children enumerated as being in the age range of 
bee years at the census date in year z (those aged one year at the last 
birthday before the census) were born during the period exactly 12-24 
months preceding the date of the census. Applying the above equation, 
modified by the change in year of age, yields: 


Zz 
Births in year z2 — P1 . lo bz 
G, Sak 3 


Using the following general equation, an entire age distribution can be 
converted to estimates of births in preceding years: 


FERTILITY ANALYSIS 49 


' Pe ok pe 
Bivthe im year z-x-1 = — - =2 or ——4—_— (20) 
Cx Lyx xSp * Cy 
where x°B measures survival from birth to be in year of age x, 
and 
Cx is the net undercount of persons age x, 


If there has been an overcount at any age, Cy, may be greater than 1.0. 

These estimates must be made, of course, from tabulations by 
single years of age. These single year of age data may be interpolated 
from 5-year age distributions or smoothed to reduce errors due to ap- 
parent misstatement of age. (Such corrections may be reflected in the 
values of Cx employed.) Ifa life table is available for both the begin- 
ning and end of the decade, interpolation between life table values 
should be made to obtain values of ,Sp. 

The procedure for converting census age distributions into esti- 
mates of live births is illustrated in Table 18-15 for the United States 
in the decade 1950-60. The procedure follows that described above. 
Once the births have been estimated by 12-month intervals preceding 
the census (column 7) it is useful to convert them to a calendar year 
basis. This is done by shifting from a date-of-census basis to a calen- 
dar year basis. Since the census is taken on April 1 in the United 
States, this involves taking three-fourths of the births for z-x and adding 
to it one-fourth of the births for age z-x-1. The last two columns of 
Table 18-15 compare the estimated live births with the official count, 
adjusted for underregistration. 

The results of Table 18-15 demonstrate the validity of the pro- 
cedure. The number of births for the 1950-60 decade, estimated by 
reverse survival of the census age distribution, differs from the official 
estimate of registered births (adjusted for underregistration) by only 
one percent. The overall estimate of 98 percent completeness of 
enumeration at all ages is a very rough correction, nevertheless it 
pulls the data into surprisingly close correspondence with what appears 
to be the demographic fact. 

By definition, the estimates of births obtained in this manner can 
have three sources of error. First is the underenumeration of 
Second is the tendency to misstate the ages of young child- 
Third is the validity of the reverse 
s much larger than 


children. 
ren at the time of the census. 
survival ratio employed. Since infant mortality i 
mortality at ages 2-10; and since child underenumeration is usually 


greatest for infants under 1 year of age, estimates of fertility based 
upon census counts of infants under 1 year of age will probably be most 
seriously in error. More satisfactory estimates will be obtained with 
data for ages 1-10 inclusive at the time of the census. As pointed out 
below, it will usually be a good procedure to group the data for several 
years to obtain an average fertility measure for 5 to 10 years. 
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Calculation of CBR. With the total number of births for each 
of the years preceding a census thus established, it is a routine matter 
to calculate the crude birth rate. We obtain an estimate of the total 
population at the midpoint of each of the years preceding the census 
date (using the date of the census as the beginning of a year) and divide 
the estimated births by the estimated total population. Since these 
years refer to time before the census, one of the easiest and most 
reliable ways to obtain an estimate of the total population is to interpo- 
late between two censuses to get the appropriate total midyear popu- 
lation that corresponds to the years for which an estimate of births has 
been made, 

Table 18-16 illustrates this interpolation procedure. Since the 
live births have been estimated for calendar years, the interpolation 
is for successive July first dates for each intercensal year. Because 
the estimate of births for a single year may contain errors that re- 
flect age misstatement, a good procedure is to sum estimated number 
of births for five years, sum the estimated population for the same 
years and divide the former by the latter to obtain a five-year average 
CBR. If estimates of the annual number of births in each year be- 
tween two censuses are thus divided into two parts, it is possible to 
detect a change in the birth rate during the decade. 

From Table 18-16 it may be seen that the estimate of CBR derived 
from the census age distributions differs from the official figure by only 
about two percent. The estimated total population was inflated by 2.0 
percent for net undercount, as was the age distribution for children. 
The official United States rates do not incorporate this correction. 

Had this inflation not been made, the estimated and the official rates 
would have corresponded almost exactly when taken in terms of either 
single years or five-year average periods. This demonstration that 

it is possible to estimate the crude birth rate as being 24.5 for the dec- 
ade while the "official" rate is 24.9, illustrates the potential utility of 
this procedure. 

Calculation of GFR. In order to calculate the general fertility 
rate, we need an estimate of the number of women aged 15-44 for each 
year for which an estimate of births was made. This can be obtained 
in at least three ways: 

(a) Interpolate between two censuses in the manner suggested 

above for estimating total population, using the number of 


women 15-44 at each census. . 
(b) Interpolate on a cohort basis by averaging the population 10- 


39 at the first census and the population 20-49 at the second 
census ten years later to get ¢° population age 15-44 at the 
mid-decade. : 


(c) Use the same reverse survival ratio procedure employed to 
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estimate births to estimate the number of women 15-44 in 
each year. 
ZeX-1 _ Fistyta , __tastx — Ta5+x (21) 
30Pis 7 30C15 Ty 54x41 bg T454+X+1 


is an estimate of the percentage of women aged 


here C ; 
i owe 15-44 who were enumerated in the census, 


z refers to the cumulative stationary population 
of an appropriate life table for females, 

F refers to census counts of females, and 

xc refers to age of children being reverse-survived, 


The right hand term is the reverse survival ratio for women; it converts 

surviving females into estimates of the number of women 15-44 years 

of age who were alive during the z-x-1th year preceding the census. 
Putting numerator and denominator together into a single expres- 

sion, the formula for computing GFR from a census age distribution is: 


Z 
a 
a2 (22) 
CxLx 
GFR = 
Pistxei Drstx - Ta ctx 
30°15 Tistx+1 — Tasixda 


where refers to females, 


F 

P refers to total population (children), 

x refers to age (of children), 

Zz refers to the original year in which the census was 
taken, 

lo is the radix of a relevant life table, and 

us (and other values of T) refer to the cumulative 
stationary population of a relevant life tabile: 


As we recommended for the CBR, the estimates for 3 or 5 years 
should be grouped to obtain an average 3-year or 5-year estimate of 
GFR. If all years for an intercensal period are divided into two parts 
and an average is computed for each part, changes in fertility may be 
measured if the data are regarded as sufficiently precise. 

Table 18-16 is a worksheet illustrating the above computations 
for each year of the intercensal period 1950 to 1960 for the United 
States. The estimates computed in this way are compared with the 
rates as actually published, with an indication of the estimate of 
relative error. As we found for CBR, the estimates derived from the 
age distributions are somewhat lower than the official estimates adjustec 
for underregistration. This seems to result from the fact that the 
Same adjustment of 2.0 percent for net undercount was applied both to 
children and to adults, whereas the official data are not adjusted for 
undercount of adults. Nevertheless, even as the estimates stand they 
are impressively precise. The official data indicate an increase of 
7.6 points (6.7 percent) in GFR between 1950-54 and 1955-59. The 
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estimates derived from the age distribution indicate an increase of 

6.8 points (6.1 percent). Where errors of age reporting are great 
("heaping" on particular digits), this level of precision will not be 
attained. Nevertheless, with careful adjustment and smoothing of the 
data, significant changes in fertility should be detected even where the 
data are quite rough. This technique will be found to be especially in- 
formative where the procedure is carried out for two or more consecu- 
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tive censuses. ; 
The reader should note that if the estimate of underenumeration of 


children (C3) is deemed to be equal to the estimate of underenumeration 
of adult females (3,Cj5), the two correction factors cancel each other 
and both may be dropped. A serious bias could result if we made a 
correction factor for children without making one for adult females too. 

If estimates for five-year periods are to be made directly from 
5-year age groupings of the age distribution, the following equations 
will give a close approximation. 


GFR for 5 years = 5Po9 53 lo 3 30Fis5 sl20_- sl'50 (2 
preceding census 5Co «ToeTs 30°15 sli5s - 5245 
GFR for 5-10 years _ sPs 8 In \> { poten. « glog = glee (2 

preceding census 5Cs Ts5-Ti0 30°20 sieo = 6260 


Calculation of ASFR, TFR, and CFR. An approximate schedule 
of ASFR for a population can be established from its census age dis- 
tribution. The procedure follows. 

1. Select a schedule of ASFR that is regarded as a "'pattern" 
of the unknown schedule of ASFR for the population under 
study. By "pattern'’ we mean that the ratios between the 
successive ASFR in the selected schedule are thought to be 
identical or very similar to those in the ASFR for the 
population under study. 

2. Multiply each rate in the schedule of “pattern'’ ASFR by the 
number of women of corresponding age in the population 
under study, to obtain an estimate of the number of child- 
ren that would be born to mothers of each age in the popu- 
lation under study, if the "pattern'' ASFR were to apply to 
them. If desired, this number of women in each age group 
may be a five-year average, derived as described above. 


3. Sum the number of births for all age groups obtained in 
Step 2. This is the total number of births that would be ex- 
pected in a population, given its actual age distribution and 

; the assumption that the pattern ASFR applied to it. 


Calculate an adjustment factor by taking the ratio of the 
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"actual" number (estimated by reverse survival of age dis- 
tributions) to the estimated number obtained in Step 3. 

5. Multiply each ASFR in the "pattern" schedule of rates by 

this correction factor. The result is a set of ASFR that is 
consistent with the total number of births estimated. 

The validity of this procedure rests on the assumption that the 
pattern distribution of ASFR is representative of the actual distribution 
and that differences between the two are proportionately distributed 
among the various age groups. The major consideration is to select a 
pattern that reflects the age-at-marriage situation characteristic of 
the population and one that has a fertility level reasonably close to the 
one to be estimated. Table 18-17 illustrates the above procedure for 
calculating ASFR and TFR from census age distributions. 

A variety of procedures may be used to select the pattern ASFR. 
One procedure is to use the schedule of ASFR for the nation or some 
other population thought to be similar. A better procedure for estab- 
lishing AS FR is to use the regression equations to be developed in 
Section 18-17. 

With the procedures suggested in this section, it is possible to 
generate estimates of the five basic fertility measures for any nation 
in the world or any part thereof for which age-sex data have been tabu - 
lated. If the data are very poor, an estimate based on that segment of 
the age distribution thought to be most reliable may be used. Even 
though the estimates may be crude, they will be far more informative 
than unreliable vital statistics. As each new census is taken, revised 
estimates should be made. 


Table 18-17, ESTIMATION OF AGE-SPECIFIC FERTILITY RATES FOR ENGLAND 
AND WALES, USING DATA FOR FRANCE AS A PATTERN: 1960-61 


SS > 
ce, Me Estimated] Official | 44, 
ASFR for |° ©ar-| expected | ASFR for |ASFR for 
ing age, estimated 
Age France, births England England 
England to 
(000) and and Se hictel 
Wales Wales 
+— 

General Fertility Rate 824,9 i597 798 : 
H5219 yOATS)..<-ssscee aves PRE 20.7 34.2 .60 
20-24 yearS....sseeeeeees 244.6 160.4 165.5 97 
25-29 years...escccrceeees 256.8 172.8 172.8 1.01 
30-34 years....eesseceoee 167.8 106.7 100.6 1.06 
35-39 years....-sssseeees 89.4 50.6 46.2 i..10 
40-44 yearS...eeeeeeeeeres 30.4 19.3 13.8 1.40 
45-49 yearsS....eeeeeeeees 3.0 DY 0.8 2.12 
Actual number of births = 785,005 Ratio estimated to actual births = .95164 


TFR (estimated) = 2661 TFR (official) = 2664 
Ratio of estimated to official TFR = .999 


MANUAL 2 


It should be pointed out that the procedures outlined above may 
be applied equally well to age distributions derived from sample sur- 
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veys of the population. 
18-11. Child-Woman Ratios ana their : et ~~ 
ili demographers have employ 
Fertility Rates. For many years, | 
child-woman ratio (number of children per 1000 women of childbearing 
age) as an index of fertility. This index can be computed quickly from 


age-sex distributions of census data, by the following formula: 


CWR = os - 1000 (25) 


where Px is an age grouping of children, and 
F refers to women of childbearing age. 


Various ages of children and women have been used to compute this 
ratio. The most common are: 


Children 0-4 Children 5-9 Children 0-9 
Women 15-49 Women 20-54 Women 15-54 


The similarity between this measure and the GFR is immediately ap- _ 
parent. If we compare equation (25) with equation (23) of Section 18-10, 
we see that the CWR and GFR differ only in the following ways: 

(a) the CWR makes no allowance for mortality either to children 
or women; 

(b) the CWR makes no correction for underenumeration and age 
misstatement of both children and women; 

(c) the CWR uses only an approximate rather than a precise 
specification of the population that bore the children con- 
tained in the numerator. 

When the CWR is employed asa fertility index, it is necessary to as- 
sume that all three of the above differences are equal in the populations 
being compared, and hence are constants in the analysis. This as- 
sumption may be justified when comparing groups within a nation for a 
particular census, but is difficult to justify for comparing populations 
of different nations or populations at different censuses within a nation 
where the level of infant mortality has changed. An additional dif- 


—_——__. ___ 
—<—<—<<§< ee ee 
_—_—_ 


meaning; it is an index but not a rate Of fertility. It does not "fit" 


meaningfully into the basic system described in Section 18-3. It cannot 
be compared with GFR, which it resembles, for populations where 
GFR has been calculated. 

There is a high correlation between CWR and the basic measures 
of fertility, as is Shown by the following statistics (based upon the 
Same 50 nations with reliable data, reported in Section 18-5): 
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| Correlation with 
Basic fertility measure child-woman ratio 


Meee piri rate .......s.9se0en .930 
General fertility rate.......... .961 
Tear tertility rate ...4 4.545 00 .964 


It is evident that the correlations are high, but it must be pointed out 
that they are not nearly so high as the interrelationships among the 
basic fertility measures themselves (especially GFR and TFR), as re- 
ported in Section 18-5. Therefore, the CWR method of measuring 


in Section 18-10. aoe ———e 

The data needed to calculate the CWR are identical to those need- 
ed to calculate the GFR from census data, as described in Section 18- 
10. Equations (25) and (23) are therefore alternative modes of proce- 
dure. The virtue of the CWR is greater ease of calculation. The use 
of @WR is not recommended. Some demographers favor its retention 
because they regard it as a measure of "effective fertility;"' this is fer- 
tility after infant and early childhood mortality has exerted its effect. 

However, as Section 18-17 will demonstrate, the CWR is very 
useful as a key item of the raw material needed to generate with fairly 
high precision all of the basic fertility measures from census data 
using multiple regression equations. 

18-12. Estimation of Basic Fertility Measures from Children- 
Ever-Born Data: Cumulative Longitudinal Fertility. In an effort to 
increase knowledge of fertility, national censuses have included 
special fertility questions in their enumerations. The question most 
frequently asked, and the one that has proved most useful is the 
children-ever-born question. Each ever-married woman is asked, 
"How many live-born children have you had? (Be sure to include 
children that may have lived only a short while and children that may 
have been in a previous union.)'' If conscientiously asked of even a 
small but representative fraction of the population and properly re- 
corded, coded, and tabulated, the information obtained is highly useful. 
Techniques for manipulation of these data to extract basic fertility 
measures are similar to (but not identical with) those already discussed. 
There has been a great deal of misuse and misinterpretation of these 
data. It is essential that the user understand how these data fit into the 
total scheme of fertility analysis in order to make maximum use of 


them. 
An important warning must be made concerning the handling of 


"no children ever born" for childless women. A 
his fact recorded. (Often a 


hecked if the respondent is 


the response, 
special arrangement must be made to get t 
square or circle is provided that is to be c 
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childless. ) Otherwise when enumerating childless women there isa 
tendency just to leave the space blank, with the result that in data bet 
cessing it is treated as "no information." Such understatements o 
childlessness distort the data seriously, especially toe younger ages. 
This problem has been well discussed by El-Badry. ' 
Children-ever-born data (frequently hereinafter abbreviated as 
CEB) may be tabulated in two ways: (a) as distributions showing how 
many women have borne 0, 1, 2, 3, 4, 5, etc., children or (b) as cumu- 
lative totals of the number of children born. Table 18-18 is an illus- 
tration of the raw data that may be tabulated in this way, cross-tabu- 
lated by age: 
(a) they refer to fertility of real cohorts of women; hence 
they are longitudinal; 
(b) they refer to cumulative fertility, or fertility since first 
exposure to Sex up to the time of enumeration; 
(c) they are retrospective and pertain to fertility over a vary- 
ing (up to 30 year) span and have a vague time referent. 
These, unfortunately, are almost the exact opposite specifications 
that are characteristic of vital statistics which lead to current fertility 
measures for hypothetical cohorts. It is for this reason that the 
demographers of the world should cease to place such exclusive em- 
phasis upon children-ever-born statistics and permit "own children" 
statistics (discussed in the next section) to share the limelight. ('Own 
children" fertility statistics refer to the current fertility of hypotheti- 
cal cohorts and are the direct census counterpart of vital statistics. ) 
Misuse of CEB data arises most frequently from their being treated as 
if they refer to current fertility. On the other hand, much valuable 
information in these data is overlooked or neglected Simply because 
they are not treated as longitudinal observations. 
18-12a. Children-Ever-Born Rates. The basic children-ever- 
born rate is the number of children ever born per 1000 women. This 
may refer to all women aged 15-44 or to a particular age group. 
(1) CEB Age Cumulative Fertility Rate is the number of children 
ever born per 1000 women of a certain age. 


E 


ACFR(CEB) = — 
FY 


al 
° ai 1000 (26) 


where E is the cumulative number of children ever born, 


C is the proportion of CEB that are enumerated by the 
census, and 


Fx is the number of women of age x, 


Five year age groupings are usually employed. Two denominators can 
be used to compute these rates: (a) all women; and (b) all ever-married 
women (married, widowed, or divorced). The first yields general 
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rates while the second is an approximation of nuptiality a. —- 

tional specificity is desired, the denominator can be restric Mae 
ho were married at the time of the census, or even 

i _ were married and living with their husbands. in these last 

bp however, it is necessary to paperies ‘he births in abe 

ators strictly to match the denominator, excluding la gia _ 

and divorced women and separated women. Table 18-18 illu 

the calculation of these rates. 


Figure 18-4. TIME SPANS TO WHICH AGE TABULATIONS OF CHILDREN BORN STATI 
i =. 


TICS REFER (Z is the date of the census) 


ted 
completed incomplete 


? t 
fertility ert y 


25-2 
30-3 
35-3 


40-4 


SS  } 45-4 
is ts i ee 50-5 
=e = = = = == §5.5 

SS ee ee 


-_ — = ws = == == = 60-6 


-50 -40 -30 ~20 0 7 


Number of years before the census 


Each five-year age 
span. This fundamental 
diagram of Figure 18-4. 
census to which each age 


group of these rates refers to a different time 
and important feature is illustrated by the 

The average number of years preceding the 
group refers is as follows: 
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Years before the census 


Age Average Peak fertility 
Mel Or. gis oiele serene 2.9 not yet reached 
BORIS Ae ote cv anacebemnens 5.0 not yet reached 
DAO «<<. ssice cel etekepenewene 05) not yet reached 
530) cs 1 Ge Ie cic 10'-0 ae 
RSet SO. 5 ce esc ere ieiaite pet 12.0 
AOS AA on Site o.ececonexelte 15.0 7d 
A (AO 55. tepatta o feseeionre 20.0 22.5 
DOS OAs ose oun sere ene 2020 24 6 
TOMO fateltee eee erelens 30.0 32.5 
GOS GEE ao Siete bickeclere 30,0 3750 


If we designate age 25 as the approximate peak childbearing (average) 
age of mothers at time of birth, we can then show the relationship of 
ASFR (CEB) to peak fertility. From this table we can see that at the 
time of the census, data for women of childbearing age (15-44) refer to 
a span of time 0-30 years in the past, each age referring to a different 
span. The average length of time is 15 years. For three of the age 
groups, peak childbearing has not yet occurred, while for the other age 
groups, it refers to years long past. 

(2) CEB--Completed Fertility Rate. For ages 45 and over, the 
ACFR (CEB) is a measure of completed fertility because childbearing 
has ceased by the date of the census. By obtaining data for succes- 
sively older cohorts of women one can presumably study trends or 
changes in completed fertility. However, completed fertility for the 
age group 40-44 refers to an average date of 15 years preceding the 
enumeration, and older cohorts refer to dates before that. Thus, 
recent changes in fertility could be expected to be reflected only in 
the data for cohorts with incomplete fertility. We use the symbols 
CFR (CEB) to identify completed fertility computed from children-ever- 
born data. There is a natural inclination for demographers to treat 
ACFR (CEB) and CFR (CEB) as if they were estimates of cross- 
sectional (current) ACFR and CFR. These assumptions are approxi- 
mately justified only under conditions of unchanging fertility rates and 
complete enumeration of children ever born. Under conditions of 
changing fertility these assumptions are not justified. 

One minor difference that mars the comparability of the CEB 
rates with their cross-sectional counterparts is the fertility of women 
who die before reaching a specified age. The fertility of these women 
is reflected in the vital statistics cross-sectional measures, but it is 
excluded from children-ever-born measures. 

As will be discussed below, in many nations children-ever -born 
data are seriously under-reported. Many women fail to report infants 
born a long time ago--especially those who have died. There is also 
an apparent tendency to report only children from a current union and 
to omit illegitimate children and children of previous marriages. Ac- 
cordingly, the value of C in equation (27) is almost certainly .99 or 
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smaller. In the absence of information about completeness of reporting, 
a correction factor of about this magnitude should be . ' i 

(3) Age-Specific Fertility Rates from CEB Data. stor - 
suggested that children-ever-born data may be ase to calculate ag 
specific fertility rates and total fertility rates simply by the process 
of successively subtracting the ACFR (CEB) rates for each younger age 
from the same rate for the next older age. This procedure is valid 
under conditions of unchanging fertility, such as nave existed in the 
past in many developing countries. The procedure is expressed as: 


ASYR(CEB): = Agi S| Aes (27) 


where A, equals ACFR(CEB) for age x, and 
Ay;5 equals ACFR(CEB) for age x+5, 


However, where there has been a recent change in fertility, this pro- 
cedure is invalid. The fertility of the cohort of women aged 40-44, by 
definition, is the TFR obtained by this procedure, and the ASFR must 
by definition add up to this total. Thus, the fertility of women who 
were at their peak childbearing more than 15 years before the date of 
the census controls the results that will be obtained. 

A refinement of the Mortara procedure, however, is to use the 

CEB data for two successive censuses. A procedure for establishing 
ASFR by this method (not reported elsewhere to the author's knowl- 
edge) is described below and illustrated in Table 18-19, Several 
steps are involved: 

1, Record the CEB rates by single years of age for two suc- 
cessive censuses. If available only for five year periods 
reduce to single years by interpolation (columns 1 and 2). 

2. Average the CEB rates for each age to obtain an average 
CEB rate that represents the midpoint of the intercensal 
period (column 3). 

3. Compute the annual change in CEB rate during the inter- 
censal period. This is the CEB rate at the end of inter- 
censal period minus intercensai rate at the beginning, 
divided by 10 for each age (column 4). 

4. Take one-half the intercensal change (Step 3) and subtract 
it from the average CEB rate (Step 2), to obtain an estimate 
of CEB rate 1/2 year prior to the midpoint of the intercensal 
period (column 5). 

D9. Add the annual change in CEB rate (Step 3) to the results of 
Step 4. This yields an estimate of CEB rate 1/2 year after 
the midpoint of the intercensal period (column 6). Pa 

6. From the CEB rate for age x , derived in Step 5, subtract 
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ne Se rate for age x-1 developed in Step 4. This is an 
estimate of the number of children each age group of women 
bore as they moved from average age x-1 to age x (column 7). 

7. Because the single year of age data refer to women whose 
average age is x, the results of Step 6 yield rates for age 
x+0.5 years. To convert to average age x, it is necessary 
to average the rates for age x andx-1. For age 16, average 
the value of age 15 obtained in Step 2 and the value obtained 
for age 16 in Step 6, e.g. 1/2 (16.3 + 10.5) = 13.4 (the results 
are recorded in column 8). 

8. Step 7 will give an estimated value of ASFR. However, be- 
cause of incompleteness of enumeration of CEB, the rates 
will tend to be too low. We must, therefore, inflate the 
values by a factor that raises them to the proper average 
level. This may be done by applying the ASFR estimated in 
Step 7 to the age distribution of women at the census to esti- 
mate an average GFR, based on ASFR from CEB data. The 
ratio of the "'true'’ GFR (estimated by procedures outlined in 
18-10) to this estimated GFR constitutes a correction factor 
which is then applied to each ASFR individually. Alterna- 
tively, a "true" value of TFR, estimated by other proce- 
dures, may be used as the numerator of an inflation factor 
in which TFR implied by the ASFR is the denominator. 

9. Convert the ASFR for single years into five year age group- 
ings. This may be done by adding the rates into five year 
age groups and dividing by five. 

As Table 18-19 indicates, this procedure yields results that are 
surprisingly close to the actual average ASFR for 1950-60. ASFR for 
girls 15-19 years of age is seriously underestimated, while there is a 
tendency to overestimate ASFR for ages 30 and above. This was a 
decade of substantial change in fertility patterns. If the Mortara 
(single census) procedure is used either for 1950 or 1960, results are 


General CEB Rates and their Standardization. Frequently in fer- 


———__ 


te of children-ever-born" is encountered. 
born per 1000 women of child- 


a A | Te 


tility studies a "oeneral ra 
This is the number of children-ever- 


bearing age. 


44 
> CEB 

GFR(CEB) = +2—— ° 1000 (28) 
CsoFis 


This is a “mongrel” rate, which has no counterpart in the 
system of fertility measurement introduced in Section 18-3. It states 
the average number of children women of childbearing age have borne. 
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Table 18-19. 
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PROCEDURE FOR ESTIMATING AGE-SPECIFIC FERTILITY RATES 


SIVE CENSUSES; UNITED STATES POPULATION: 


Age 


Ze VOALS so «cs 6 oe 
23) VCALS..60060s 
AAR VORULS ss « «+6 6 


ZOU VCALS cic 60 « 5 016 
ZOMYSAIIS «0 ols:/ae o's 
HOE OBQNES 5 fo s05s01:s)-2) 6's 
ZEA CALS «6 o:s,0 601s 
ZIV CALS) 6 0 60.0 000 


SOM CAUES crs la's..a)jois « 
Sf VEALSio iss 50s 
BAMVESAIS 5, 51 5:6 os. ace 
33 years........ 


BOM VOCALS 6 6 susie. os 
SGP YEATS%s 666 os 6s 
SMEG BES! .. 3 3, secs 5. ¢ 
SET VECALTS'. . «5 oon. 

SO VORES!. oes orcs 


AOWNGAES 6.0 crea 
CG! GENCE pep een 


Children-ever- 
born per 1000 
total women 

of age 


Annual 
inter- 
censal 
change 
in CEB 
rate 
1950 1960 


5 16 10.5 ‘le! 9.9 
19 32 25.5 1.3 24.9 
55 77 66.0 2.2 64.9 

124 166 145.0 4.2 142.9 
240 330 285.0 9.0 280.5 
384 543 463.5 | 15.9 455.6 
538 760 649.0] 22.0 637.9 
693 997 845.0 | 30.4 829.8 


858 1239 1048.5 38.1 1029.5 
1008 1455 1231.5 44.7 {1209.2 


1173 1659 1416.0 48°56 (1391.7 
1287 1839 1563.0 55.2 1535.4 
1423 1992 1707.5 56.9 1679.0 
1530 2106 1818.0 57.6 1789.2 
1638 2188 1913.0 55.0 |1885.5 


1687 2310 1998.5 62.3 1967.0 
1801 2350 2075.5 54.9 2048.0 
1857 2422 2139.5 56.5 PAM Bs 
1941 2450 2195.5 50.9 2170.1 
1967 2449 2208.0 47.2 2184.4 


1942 2458 2200.0 51.6 2174.2 
2022 2480 2251.0 45.8 2228.1 
2070 2477 2273.5 40.7 2253.2 
2023 2495 2259.0 41.2 2235.4 
2102 2444 2273.0 34.2 2255.9 


2056 2423 2239.5 36.7 2221.2 
2130 2403 2266.5 2had 2252.9 
2157 2360 2258.5 20.3 2248.4 
2160 2340 2250.0 18.0 2241.0 


2177 227 2228.0 LOZ 2222.9 


CEB RATE FOR 
MID-CENSAL YEAR 


X+0.5 


10 10.5 
26.2 16.3 
67.1 42.2 
147.1 82.2 
289.5 146.6 


471.5 191.0 
660.1 204.5 
860.2 222.3 
1067.6 237.8 
1253.9 224.4 


1440.3 231.1 
1590.6 198.9 
1735.9 200.5 
1846.8 167.8 
1940.5 POL .S 


2029.3 143.8 
2102.9 135.9 
2167.8 11958 
2221.0 109.07 
2231.6 61.5 


2225.8 41.4 
2273 .9 99a 
2293 .9 65.8 
2282.6 29.4 
2290.1 54.7 


2257.9 2.0 
2280.2 59.0 
2268.7 15.8 
2259.0 10.6 
2233.1 - 7.9 


Summary 


Source: Da 


Fertility, Table 8, page 5C-28, 


Subject Reports, 


*An inflation factor of 1.0735 was u 
fertility 1950-60, 


Official 
1950-60 


ta for 1950 from iw. 


Women by Number of Children Ever Born, 


S. Census of Population: 
Data for 1960 from U.S. 


ESTIMATED 
ASFR-- 
PRELIMINARY 


For age |For age 


xX 


1.3 


Final 
esti- 
mate 
of 
ASFR* 


6.0 
14.4 
31.5 
66.8 

122.8 


181.2 
212.2 
229.1 
247.0 
248.1 


244.2 
230.8 
214.4 
UOT od 
CG 


158.4 
150.1 
137.2 
123.2 

919 


55.2 
75.8 
88.9 
51.1 
45.2 


30.5 
32.7 
40.1 
14.2 

1.4 


sed to bring estimated ASFR to average level of 


Difference 


Census of Population: 


Table 4, page 10 


1950, Special Reports, 


1960, 
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It is not a probability measure and, in fact, has no significant theoreti- 
cal meaning. Its use should be avoided because it is extremely sensi- 
tive to age composition: a young age composition yields a low rate 
while an older age composition yields a higher rate. This is the exact 
reverse of the age-differential for the basic rates and creates serious 
problems in analysis. Inasmuch as younger populations tend to have 
lower current fertility than older populations when fertility is declining, 
this rate can show results that are the exact reverse of those that 
would be shown by valid current fertility measures. GFR(CEB) should 
be used only when standardized for age composition. 

And this rate is not easy to standardize. Because the younger ages 
have such small numbers in relationship to the older ages, a simple 
straightforward application of these rates to a standard population 
would yield a result that is both meaningless and determined largely by 
the relative proportion of women at older ages. An appropriate pro- 
cedure is to compute quasi-age-specific fertility rates (as described 
in equation (27) and more precisely established in Table 18-19), to 
apply these to a standard population of women aged 15-44 years, and 
then to cumulate. For indirect standardization, a set of quasi-ASFR 
derived by the procedure of Table 18-19 are applied to the age compo- 


sition of a particular population. __ 
18-13. Calculation of Current Birth Rates from 'Own Children" 


Tabulations of Census Data. A powerful technique for measuring cur - 
rent fertility is the ‘own children" procedure first proposed by Wilson 
Grabill and later refined jointly by Grabill and Lee-Jay Cho.* Bya 
very simple recoding of information contained on census schedules, 
this procedure yields data which can be used to derive highly precise 
measures of age-specific fertility, GFR, TFR, and CBR. In addition, 
these measures may be computed for any characteristic of the popu- 
lation (education, income, occupation, etc., of either the mother or 
the father) or any combination of these characteristics. It is, there- 
fore, the most direct and reliable method for obtaining data on current 
differentials in fertility. 

1. Children under 5 years of age enumerated at a census 
represent the survivors of all live births born during the 
five years preceding the census. Children aged 5-9 years 
at a census represent the survivors of all live births born 
during the period 5 to 10 years preceding the census. 

2. All but a small fraction of children under 10 years of age 
reside in the same household as their mother and father, 
and they will be enumerated simultaneously with their parents 
at the time of the census. 

3. Census enumeration is done by households, with every 
person enumerated being identified in terms of his rela- 
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tionship to the household head. With this infor gage it 

is possible to specify, for every child, which adult is the 
mother and which is the father, if the parent(s) are present 
in the household. 

4. Therefore, census enumeration schedules may be looked 
upon as a Set of birth registers, in which liye births have 
been recorded together with the characteristics of both 
parents. 

5. These registers are deficient in minor respects, but for 
each deficiency an appropriate correction or adjustment 
can be made. 

(a) Children who have died can be estimated by use of 
life tables. 

(b) The small proportion of children who live away from 
their parents can be determined and an adjustment can 
be made. 

(c) The tendency to undercount young children at the time 
of the census can be corrected by an adjustment. 

The procedure calls for no additional questions on the census 
schedules. After the census has been taken, it demands only a special 
coding, either for all or for a sample of households. It may be per- 
formed on data from ancient censuses or sample surveys, provided 
that the original schedules are available. This procedure places in the 
hands of most nations an opportunity to measure, with at least moderate 
reliability, its level of current fertility (and differentials in fertility) 
once at each census enumeration. These measures are independent of 
the quality of the nation's vital registration system. It would be dif- 
ficult to overemphasize, therefore, the importance of making this pro- 
cedure a routine part of every census operation. 

18-13a. Relationship Between Age and Time. In order to avoid 
confusion in the formulas developed below, it is important to under- 
stand the precise nature of the correspondence between census age data 
and the span of time to which the fertility estimates refer. We assume 
that all age data are collected in terms of "age last birthday."" We 
identify by the symbol Z the span of time less than 12 months pre- 
ceding the census enumeration, by Z-1 the span of time 12 months 
but less than 24 months preceding the census enumeration, etc. 

Time in this case does not refer to calendar years, but to intervals 
of 12 months preceding the census. In the formulas which follow, 
we will use the symbol "'a" to refer to the age of children, and the 
Symbol "x" to refer to the age of mothers. There is an exact cor- 
respondence between age of the child and the year to which the esti- 
mates refer. This is given by the relation: 


Years to which the estimates refer = Zea 
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The following diagram should clarify the situation fully. 


Year to which estimate refers 
oo. 2 er Pe ee eee 


Age of child at last birthday 


TIME 


AGE 


From this diagram it may readily be seen that the data for "own 
children under 5" will yield an average fertility rate for a span 
covering five years preceding the census, while data on "own 
children aged 5-9" may be used to obtain data for fertility 5 to 10 
years preceding the census. It may further be seen that if data on 
"own children" are collected for single years of age they may be con- 
verted into estimates of fertility for each calendar year for the entire 
decade preceding the census. Thus, own children data may be used 
not only to establish the level of current fertility, but also to measure 
recent changes or trends in fertility. 
18-13b. Coding Procedure. A probability sample of households 
will usually be drawn from the complete census returns because the 
cost of coding and processing can be greatly reduced by sampling. For 
this sample the following steps are performed. 
1. Set up a tabulation card for each woman aged 15 to 49 in the 
sample. This tabulation card will have three sections: 
Own children register 
Characteristics of the woman 
Characteristics of the husband (if residing in the same 
household) 
(a) The "own children register'' section should consist of 


12 fields as follows: 
Number of own living children 


Field number whose age last birthday was: 
ce is «> epee Under 1 year 
By ps oo 2 ok ae 1 year 
ree 2 years 
Se ey 3 years 
EIS 4 years 
ED . years 
| Pr ek 6 years 
See, bs ss. te eee 7 years 
BGT 52 ace ws ble ig 8 years 

ios ok ee 9 years 
ee Under 5 years (summary) 
7 a rr 5 to 9 years (summary) 


A 13th field, specifying total number of live-born children ever 
born (irrespective of whether or not they are living or their present 
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nce at time of census) should be coded also. A 


lace of reside : , 
age or Pp ld means that the woman has remained child- 


code of zero in this fie 
less up until the time of the census. | | 
(b) The "characteristics of the woman" section consists of a 


series of fields, each devoted to reporting a characteristic of the 
woman. The fields established must depend upon the items of infor- 
mation for which data were collected by the census. Possible 


characteristics are: 


Age at time of census Occupation 

Race or ethnic origin Income in previous year 
Marital status Place of birth (state, urban- 
Age at first marriage rural) 

Number of times married Migration status 
Employment status Religion 


(c) The "characteristics of the husband" section consists of a 
series of fields, each devoted to reporting a characteristic of the 
husband of the woman. The items selected must depend upon the 
data that were collected at the census. They may be identical to 
those listed above for the woman. 

2. Establish rules for identifying the mothers of children under 
9 years of age. The coding is done one household atatime. For 
each household the coder identifies every woman aged 15 to 49 and 
then searches the schedule to learn how many children under 9 years 
of age she has born. In each case an effort is made to "match" 
mother and child from the interview schedule, using information of 
"relationship to head" and age-sex data. Typical matches are: 


Relationship Age Sex 
Wife of head 15-54 Female ee - 
Child of head 0- 9 Male or Female 
Child of head 15-54 Female 
Grandchild of head 0-9 Male or Female 
Daughter -in-Law 15-54 Female 
Grandchild of head 0-9 Male or Female 
Other relative 15-54 Female 
Other relative 0-9 Male or Female 
Lodger 15-54 Female 
Lodger 0- 9 


Male or Female 
The last two pairs listed above are ambiguous; they may or may not 


be a mother-child pair. Additional information may be obtained from 
the schedule that will assist in determining whether they are or are 
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not Saag pair. The information for marital status, place of birth, 
anc alae origin can sometimes help. Most households will be 
similar to the first or second of the above examples and will present 
few problems. As special situations are encountered, definitions that 
are nonbiasing must be generated. 

A check on the matching should be made to assure that a mother 
has been assigned to every child if possible and that no child has been 
assigned to more than one mother. 

3. Assign each mother-child pair to its proper age-year field. 
In fields of 1-10, codes of 0, 1 or 2 will be the most frequent entries. 
(Code 2 is possible in the case of birth of twins or two births in one 
year.) In fields 11 and 12, the codes 0, 1, 2, 3, 4 will occur most 
commonly. _ 

4. For each woman, assign a code of 0 in fields not already 
identified as a mother-child pair. Check to make sure that the sum 
of fields 1-5 is equal to field 11, and that the sum of fields 6-9 is 
equal to field 12. 

5. Transfer to the woman's card previously coded information 
concerning her characteristics and her husband's characteristics. 

18-13c. Tabulation Procedure. It will become clear below that 
the data needed to compute fertility rates from own children data are: 

(a) Number of own children (numerator of the rates), 

(b) Number of women (denominator of the rates), 

(c) Number of own children per 1000 women. 

This information may be tabulated for each of the 13 fields outlined 
above or only for field 11 or 12. The more detailed the information 
available, the more detailed the estimates can be. 

The numerators (number of own children) are obtained by cumu- 
lating the fields 1-12. The denominators (number of women) are 
obtained by counting the number of women of childbearing age in the 
sample. These counts may be of several types: 

(a) Total, all women; 

(b) Age-specific, separately for each age group of women; 

(c) Trait-specific, separately for each trait group of women 

or their husbands; 

(d) Age-trait specific, separately for each age group further 

subdivided by trait groups. 

A computer program, TASA, is being published as Manual Num- 
ber 9 in the series Family Planning Research and Evaluation Manuals. 
This program performs the numerator -denominator-rate tabulation 
for any combination of age-specific and trait-specific classifications 
desired. If the researcher does not already possess a computer pro- 
gram capable of doing this, he will find it useful to use the TASA 


program. 
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18-13d. Adjustment to Correct for Deficiencies. Although it 
elow that adjustment for all known deficiencies can be 


nation or other area) is expressed as a ratio of all children of the 
same age reported at the same census. 


Let r. be the number of own children of any age who are 
tabulated as living with their parents, and 

be the total number of children of the same age, 
counted at the same census 


P} is obtained by summing the data for all women in the sample; 
it is the numerator of the own child/woman ratio, P, is obtained 
from official census tabulations; it is the total child population 


of the specified age, 
1g 
Ra = =o (29) 
Pa 
where Rg is the adjustment for children who do not live with 
their mothers, 


RaP4 is an unbiased estimate of all children of age a 
counted at the census, 


For most nations of the world it will be found that 95 percent or more 
of children under 5 live with their mothers. Among Negro and certain 
other populations of the United States, the Caribbean, and perhaps 
Africa, it will be found that as much as 15 percent or more live apart 
from their parents. Under conditions of high proportions of children 
living away from home, the adjustment factor for younger women will 
be much greater than that for older women. Hence, R, needs to be 
computed on an age-of-mother basis. A procedure for doing this is 
described in Cho, Grabill, and Bogue.® 

(2) Adjustment for Women of Childbearing Age Not Living in 
Households. Just as some children may not live with their mothers, 
not all women of childbearing age will be found living in private 
households, or the Sampling of women chosen for measurement of 


fertility may not correspond exactly to the exact count of women of 
childbearing age. 


! 

Let Fy. be ole number of women of any age who are tabulated or 
Se ia from the special coding for "own children”; 
an 

F 


be the total 
x number of women of the same a 
at the census, ge counted 
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F 
Ry = - ea 


where R, is the adjustment for women who do not live in 
households, 


a ed is an unbiased estimate of women of childbearing 
age counted at the census, 


— eee... 
—_—_——————— CO 


Women. The net undercount made on almost all censuses both of 


young children and women of childbearing age affects the estimates 
of fertility based on own children. If both children under age 5 and 


women of associated ages are missed in equal proportions, ratios of 
young children to women would not be affected by the adjustments. 
Usually, if an undercount occurs, it will be found that children suffer 
from a larger undercount than women. 


Let Cg be an estimate of the proportion of children aged a years 
enumerated at the census, and - 


Cx be an estimate of the proportion of women aged x enumerated 


at the census then an unbiased estimate of the correct 
number of children, 


* _ Pa R 
Be Tag sa: 


where Px is an unbiased estimate of the true number of children 
residing in the territory at the time of the census. 


Fx R 


where FS is an unbiased estimate of the true number of women 
of childbearing age x residing in the territory at the 
time of the census. 


me 


the estimates of living children into estimates of births that oc- 
curred during the years immediately preceding the census, it is 
necessary to "reverse survive" the data for children by means of 


life table survival ratios. 


Let gSq be the probability of surviving from birth to be in 
year of age a at the time of the census count, 


If children under a years of age are being used to estimate fertility 


then the appropriate formula for calculating the survival ratio is 
a1 


a Lag 
ao a oe (33) 


al, 


where 1, is the radix of the life table (usually 100,000), and 


a-1 
u Lg is the life table stationary population under age a. 
0 


Specifically, if a survival ratio for children under 5 is computed: 
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+i by + L 4 
a. Lo + Ly 2 3 4 = Eke (34) 
7° 500, 000 0 
To - Ts 
an equivalent value of which is ae (34a) 


An unbiased estimate of the number of births that occurred in the ath 
year before the census count is 


* 
Sa 6s (35) 
a ae a 
a®o slo 


(5) Adjustments for Mortality of Women. The women who are 
enumerated in a census are the survivors of the larger group of 
women who bore the "own children" estimated by this procedure. It 
is necessary to convert the count of surviving women into an esti- 
mate of the childbearing population. This is done by a procedure of 
reverse survival comparable to that described above for children. 


Let aSx-a be the probability of surviving from birth of a child 
aged a to be in year of age x at the time of the census 
count = Ly, : Lia 

> 4 


Tien P= —— see is an unbiased estimate of the number (36) 


a/ 2aexeral of women of childbearing age x during 
the span of time to which the estimates 
refer. 


If children under a years of age are being used to estimate fertility, 
then one-half of this span is the average amount of time which women 
have survived since the birth of the children, or a/2. For the 
youngest ages and the oldest ages this assumption is incorrect. At 
the youngest ages, average survival time is less than a/2; and at the 
oldest ages it is greater than a/2. However, these biases have an 
insignificant impact upon the overall result. 

The procedures described above are illustrated in Table 18-20. 
In column 2 of this worksheet are recorded the number of-own children 
under 5, by age of woman, taken from fertility tabulations of the 1950 
census. In the first column of this worksheet are reported the num- 
bers of women of each age, as officially reported at the census. In 
columns 3 and 4 the count of children and women have been adjusted 
for known errors, as explained in the notes at the foot of the table. 
These counts are then inflated by survival ratios to take account of 
mortality, both among children and women. Survival factors used 
represent mortality over a 2.5 year period, since this is the average 
interval between birth and date of census. The last column in the 
lower panel of the table represents the fully adjusted data. 

18-13e. Conversion of Ratios of Children to Women into 

Estimates of ASFR. The ratios calculated in Table 18-20 represent 


o-. 
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Table 18-20. WORKSHEET FOR COMPUTING CORRECTED RATIOS OF OWN 
CHILDREN TO WOMEN FROM CENSUS DATA; UNITED STATES: 1950 


Census data 
unadjusted 


Census data 
adjusted for net 


Survival ratios 


Age of woman (000) 
hes undercount 


Own 
Wowk Wien Own Own 


38,764 | 15,623 39,539 | 17,096 > a 


.9976 -9674 

-9965 .9674 

-9961 -9674 

9953 -9674 

-9935 .9674 

-9901 -9674 

.9846 ~9674 

f+ ' Own 
a * Own children 
Adjusted Data Women don per 1000 
women 
17,671 

15-19 103.1 
20-24 674.2 
25-29 870.7 
30-34 654.8 
35-39 400.8 
40-44 181.4 
45-49 40.7 


Source: Special Reports: Fertility, Table 34, page 5C-154, Data on age are 
official age distributions reported in U.S. Summary: Characteristics 
of the Population 


Notes: (1) Women are assumed to have suffered a net undercouut of 2 percent. 
Children are assumed to have suffered a net undercount of 5 percent. 
Own children under 5, totalling 15,623,000, were inflated by a factor 
of 1.0397 to bring them to the census count of all children under 5. 
Hence, column 3 is column 1 multiplied by 1,02, and column 4 is column 
2 inflated by a combined factor of 1.0944, The data in columns 1 and 2 
of the lower panel are the figures in columns 3 and 4 of the upper 
panel divided by the respective survival ratios of columns 5 and 6, 


the cumulative fertility of five years, during which the population has 
aged. The task of disentangling this cumulation into an average 
schedule of ASFR for one year with correct assignment of ages to 
conventional 5-year age intervals is a somewhat complex one. For- 
tunately, Grabill and Cho have simplified it by establishing a set of 
coefficients which accomplish several tasks in one step. These co- 
efficients are reported in Table 18-21. The procedure by which they 

d is described at the foot of that table. The use of these coeffi- 


timate a schedule of ASFR from the ratios computed in 
If the reader wishes a full 
the coefficients 


are use 
cients to es 
Table 18-20 is illustrated in Table 18-22. 
exposition of the adjustments that are accomplished by 
of Table 18-21 (which are Sprague fifth difference osculatory interpo- 


lation multipliers) he should consult "Methodolog y for the Measure- 


OO LIBRARY 


a 


Cc 
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ment of Current Fertility from Population Data on Young Children, "’ 
by Wilson H. Grabill and Lee-Jay Cho, Demography, vol. 2, 1965, 


pp. 50-73. 
Table.18-21. COEFFICIENTS FOR ESTIMATING AVERAGE ANNUAL AGE-SPECIFIC 


FERTILITY RATES FROM CENSUS-BASED RATIOS OF CHILDREN UNDER 5 YEARS OF AG 
PER 1,000 WOMEN, BY AGE OF WOMAN AT END OF THE PERIOD 


Ratios of children 0-4 years to women, by age of woman 


20-24 25-29 30-34 35-39 40-44 


Fertility rate 
to be 
estimated 


oneee 


The ratios to be inserted in the first line of this table are age-specific ratios of children 
under 5 to women of the 5-year age group indicated by the column heading, adjusted for mortali 
of children and women since birthdate of children, for proportion of population under 5 not 
living with mother, and for undercount of women and children in the census, so that results ar 
total births per 1,000 women in 5-year period preceding the census by age of woman at the end 
the period. 


The coefficients are used by inserting a schedule of ratios in the first line of the table, th 
multiplying the ratio in each column by the coefficients in that column, recording each result 
in its appropriate cell. The products are then summed by rows, taking account of signs. The 
sum for each row is an estimated ASFR for the age group indicated. 

The lower panel of Table 18-22 compares the estimated ASFR 
with the five-year average of officially reported ASFR (corrected for 
underregistration). The amazingly close match demonstrates the 
great power of this technique. Moreover, this example was deliber- 
ately chosen because it covers one of the most dramatic fertility 
changes in recent demographic history anywhere in the world: the 
onset of the famed "baby boom" in the United States. In 1946-47 the 
birth rates of the United States rose dramatically over the levels of 
1945. They continued to rise through 1950. The average ASFR for 
the period therefore represents a very unstable condition. Neverthe- 
less, the "own children" procedure was able to measure this average 
with almost zero overall error in TFR, and with very small errors 
at the individual age groups. Only for the ages above 40 (where birth 
rates are low) are the relative errors substantial, and the absolute 
errors are small for all age groups. 

, With the schedule of ASFR established, TFR may be calculated 
. eee ASFR and multiplying by 5. GFR may be ob- 
. | g the schedule of ASFR to the count of women of 
| abe pe expected births, — Civitan by all women 
. may be obtained by dividing expected births 
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by the total population. 
To repeat, the above procedure may be carried out sor any trait- 
group desired--occupation, education, income, area-ol-residence, 
etc. It offers, therefore, a wonderful avenue for computing conven- 
tional measures of current fertility for highly specific subcategories 
of the population. Its utility in the study of differential fertility is 
therefore obvious. Why this procedure, so inexpensive, so precise, 
and so powerful, remains comparatively unused throughout the world 
is one of the mysteries of modern demography. 
Within every population there tend to be substantial differences in 
fertility; some subgroups bear children at significantly higher (or 
lower) rates than average. An important segment of fertility analysis 
is to detect these "fertility differentials" and to explain them. 

An example of differential fertility is one that associates 
childbearing with race. Table 18-23 reports the basic fertility rates 
for the white and nonwhite population of the United States in 1960 and 
1966. In terms of all of the measures it is evident that nonwhite women 
are much more fertile than are white women. These differences refer 
to particular years and, therefore, are cross-sectional. 


Table 18-23. DIFFERENTIAL FERTILITY OF WHITE AND NONWHITE POPULA- 
TIONS OF THE UNITED STATES: 1960-66 


i 
1960 1966 . 
Age and | Difference, 1960 Change, 1960-66 
fertility measure | 
White eee White | Nonwhite| Absolute] Percent White | Nonwhite 


— 


Age-specific rates: 
=o ee eeraives 


0.7 1,4 0.7 


Dae VEAL se eevcinean 79.4 158 ,2 60.8 ESS. 74.7 -18.6 ~22.7 
oe YOORS od cieacea ae 294.2 179.9 228.9 49.0 ae -72.9 65.3 
VSAarsicvsraeterave 94.9 214.6 146.6 169.3 22 : 45. 

: C - . AY 4 15 -48.3 = 45.3 

ee Vans erases 109.6 135.6 82.7 107.9 25 52) 30 -26.9 = 2h e 
yes ees sioievaohetera gs 74,2 40.0 Ett Teg 44 -14.0 16.5 
SE VORLS sie cihesraa A 22.0 : tae 

45-49 years........ 0.8 7 ae "Ea ae - ee Be: 


rate 


COCR CM IE Me) yrs pe 


153.6 86.4 


-26.8 -27,.7 


TAGE stcrocesleee es 3533 45 
eeee 22 


SS eee 
eer 


Just as for the measurement of fertility change, the analysis of 
fertility differentials may be done in terms of absolute differences or 
in terms of relative (percent) differences. Thus, we can say (using 
TFR as an example) that in 1966 the average size of the completed 
nonwhite family was 1 child greater than the average size of the white 
completed family. This states the differential in absolute terms. Al- 
ternatively, we could Say that the TFR for the nonwhite population was 
39 percent greater than the TFR for the white population. This states 
the differential in relative terms. The relative differentials are es- 
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sie jaa a ee palverns of differentials. In this 

. ve differentials by race are great- 

est at the youngest and oldest ages. 

. The best overall measure of differential fertility is age-standard- 

ized GFR, pe aetdized On an age composition intermediate between 

the two nepeeetions being compared. (National population as of the year 

. comparison is a good choice:) No overall fertility differential could 
e considered to be "refined" until it has been controlled for age, 

either by use of GFR standardized or TFR. 

Another aspect of fertility differentials that needs to be explored 
is nuptiality. Is a fertility difference due to differences in the rate of 
childbearing within marriage, or simply to differences in the proportion 
married? Usually, demographers will wish to eliminate the effects of 
both age and nuptiality in studying fertility differentials; otherwise all 
other explanations are ambiguous. The solution, of course, is the use 
of ASFR(N) for each category of the differential and the comparison of 
GFR(N) standardized for age. 

Equally as important as the measurement of fertility differentials 
is the measurement of change in differentials. Are the differences 
increasing or decreasing over time? Table 18-23 presents data for 
two dates in order to illustrate the solution to this problem. When 
studying change in differentials, great emphasis needs to be placed 
on the absolute differentials, rather than upon the relative differentials. 
For example, between 1960 and 1966 the relative differential between 
the white and nonwhite populations changed very little. Despite this 
fact, both of them underwent very substantial absolute declines. For 
most ages, the absolute declines for the nonwhite population were 
equal to or slightly greater than for the white population. This means 
that the growth rates of the two populations slackened by about the 
same amount. Statistics of relative change in differentials should be 
interpreted with caution, for they may mean comparatively little. For 
example, the fertility rates of the white and nonwhite populations could 
both decline to zero in such a way that up until the moment they both 
became zero the nonwhite would have a birth rate 50 percent greater 


than whites. 


RECO, TS 7 Sic ah i ll | a ae ee 


sustained way, over many years. In such cases, their cumulative 


effect upon fertility should be much more readily observable than their 
cross-sectional effect at a particular date. For this reason, children- 
ever-born data are particularly useful for studying differential fertility. 
Table 18-24 illustrates the use of these data to study educational 
differentials in fertility. The upper panel of this table reports the 

CEB rates, as given in the census. In the center panel these rates 
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have all been expressed as ratios of the average rate for the age 
group. Thus, a ratio above 1.0 indicates above average fertility and 
a ratio below 1.0 indicates below average fertility. The extent of 
deviation from 1.0 reveals the relative degree of difference. Thus, 
by expressing the data as ratios, all cells of the table become com- 
parable to each other. The pattern of relative differentials becomes 
even clearer when summarized into fewer age groups by averaging 
the ratios for adjacent age groups, as has been done for the lower 
panel of this table. The very sharp and very consistent differentials 
in fertility associated with differences in educational attainment are 
clearly revealed in this table. The very high ratios for the youngest 
ages are probably due to selection: girls who became pregnant were 
forced to drop out of school; young girls with large amounts of 
education have remained in school; hence, they have only recently 
married. On the other hand, it should be noted that for the intermediate 
age group (25-39 years of age), the differentials have decreased in 
comparison with the older generation. Thus, aside from the special 
selective effect at the youngest ages, fertility differentials by educa- 
tion seem to be decreasing. This could be verified precisely by 
computing a table such as 18-24 for a preceding census. 

Because CEB data are not highly sensitive to recent fertility 
changes but are able to measure differential fertility over sustained 
periods of time, the greatest utility of CEB data is in the study of 
differential fertility, in addition to their use in cohort analysis. 

At this point it is important to note the sources of data for the study 

of fertility differentials. Conventional vital statistics offer few oppor - 
tunities. In the U. S. they show only color differentials and area differ - 


——S} 9 ——— — — — 


develop c 
come ethnic, migration, housing, 
which the census collects data. These 
the father, or both. These measures may be computed for all women, 
ever married women, or currently married women. GFR may be si- 
multaneously standardized for age and educational attainment (or other 
variables) when studying a particular differential. Thus, the "own 
children" technique offers vast potential for the study of fertility dif- 
ferentials. (For an exhaustive exploration of this, the reader may 
monograph Differential Current Fertility in the 

1 and Donald J. Bogue 


traits may refer to the mother, 


wish to consult the ! 
United States, by Lee-Jay Cho, Wilson Grabil 


(1970). Tabulations of children ever born are, 
urce of longitudinal or real cohort fertility diff 


by definition, the 


sole so erentials. 
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The measurement of fertility differentials, whether cross-Sects 
or longitudinal, does not explain why they exist. lip ace 
the introduction of additional variables thought to have explanatory va 
If the explanatory variable does indeed account for the differential, 
then the differential will disappear when this explanatory, variable is 
held constant. A widely used explanation of differ ential fertany sf edi 
cational attainment. So universal and consistent are educationad diffe 
entials in fertility and so interrelated with all other variables explanat 
of fertility, it is desirable to control the effect of education betaine as 
sessing the explanatory effects of religion, race, occupalig= migrar 
status, etc. Thus, the ideal measure of differential fertility is one 
where age, nuptiality, and educational attainment are simultaneously 
controlled, either through multiple cross-classification or multiple 
standardization. 

Ultimately, the explanation of intergroup differences in age-spec 
nuptial fertility is the differential efficiency with which groups adopt a 
practice contraception. This is true because age-specific differences 
fecundability are thought to be negligible among most populations, and 
sex activity in all cultures is sufficient to assure sustained exposure t 
pregnancy if contraception is not practiced. Therefore, a goal of the. 
study of differential fertility is that of interpreting the relative accep- 
tance and use of contraception by subgroups of the married population 

18-15. Proportional Fertility or Birth Ratios. Births may be 
classified into categories that refer to particular traits. Sex of the 
child or the month in which the birth occurred are obvious examples. 
Demographers and others often wish to learn how the births are dis- 
tributed according to the categories of these traits. What proportion 
of all births are female babies? What proportions of births are born 
in each month? The need here is not for fertility rates as discussed 
in previous sections, but only for birth proportions which merely 


report what proportion of all births fall into a given category of some 
trait. 


D. 
Birth proportion = = 2k (37 
where B, is the number of births in some specific category — 
during a stated time interval, 


is the total number of births during the same interva 
of time, and 


k is a constant, such as 100 or 1000. 


Alternatively, birth ratios may be calculated reporting the ratio 
of one category of births to another. 
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ow 


Birth ratio = - » Kk 


J 


where B. a i i 
4 nd ae are the number of births in categories i and j. 


(38) 


From the viewpoint of the childbearing female population, equations 


all proportional ratios. If the infants themselves are regarded as 
"exposed" to the likelihood of falling into one of the classes of births, 
then each ratio may be interpreted as a rate. Birth proportions that 
are of interest to demographers include: 

a. Sex ratio or sex proportions at birth 
Birth-order proportions 

c. Illegitimacy proportion--illegitimate births as a proportion 
of all births 

d. Birth-weight distribution--proportion of births in each birth- 
weight class 

e. Duration of pregnancy proportions--proportions of all live 
births in duration of gestation classes 

f. Hospital birth proportion--proportion of births that occur in 
hospitals | 

g. Physician attendance proportion--proportion of births attended 
by a physician 

h. Multiple birth proportion--proportion of all pregnancies that 
are multiple births; proportion of these that are twins, trip- 
lets, etc. 

i. Birth composition--proportional distribution of births 
according to some trait of the parents: age, race, ethnicity, 
occupation, religion, educational attainment. 

The temptation to make inferences about birth rates or changes 
in birth rates from statistics of birth proportions or changes in birth 
proportions should be avoided. An example of this fallacy is discussed 
in connection with birth order statistics. 

18-16. Birth Order Proportions and Rates. A great deal of 
interest is given to birth order in fertility analysis because of its 
indirect implications for population growth. In bearing a first and 
second child, parents are merely replacing themselves. Bearing a 
third, fourth, or higher-order child is a contribution to population 
growth. The greater the proportion of births that are of high order, 
the higher the birth rate. The statistical measures which are used to 
study birth order phenomena range from simple to complex. The . 
denominators of some of these measures require that women be classi- 
fied by parity, or the number of children they have previously ee 
For example, a woman who has borne no children is of zero parity; a 
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first parity woman has borne one child, etc. 
measures that are most frequently encountered. 

1. Birth order proportions--the proportion of all births which 

are first, second, etc., order: kp/p, where XB is births 


of order k. 
2. Order-specific fertility rates (OS FR) 
of order k per 1000 women of childbearing age: 


Following are the five 


--the number of births 


¢ 1000 (39) 


k 
B 

OSFR = 
soFfis 


3. Order-age-specific fertility rates (OASFR)--the number of 


births of order k to women of age x per 1000 women of age x: 


OASFR = —— - 1000 (39a) 


4. Order-parity-specific fertility rates (OPSFR)--the number 
of births of order k per 1000 women of childbearing age of 
parity k-1: 


* 1000 (40) 


0. Age-parity-specific fertility rates (APSFR)--the number of 
births to women of order k and age x per 1000 women of 
parity k-1 and age x: 


x 
* 1000 (41) 


Table 18-25 illustrates the computation of these rates. 

The above rates may be computed either on a period or a real 
peer basis. They may be computed with respect to all wom : 
with respect to married women (nuptial-order /parity-specifi i. - 
OPSFR and APSFR may be calculated either as central Nya 
birth probabilities. _* 

Order-parity- specific and age-parity-specific fertilit t 
are highly useful in the interpretation of fertility change bes - 
for this purpose will be discussed in a later chapter pie iam 
renee are not widely used, however, because of the dittingie a 
getting precise estimates of women of each parity or a 
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18-17. Estimation of 


i i ll in 
Analysis. Using the knowledge that a : : 
: See Section 18-4.), it is possible to employ multiple 


regression analysis to estimate all of the basic fertility meaetes 
using census data and a few other variables that are easily available 
or estimated. These equations are easy to understand, easy to wee; 
and yield a surprisingly high degree of precision. The ang eme is 
not complicated: Using nations for which valid data on fertility are 
available, one isolates a group of independent variables (explanatory 
variables) which may be calculated from the census or other readily 
available sources and which, when used in appropriate multiple re- 
gression equations, can be used to estimate reliably the principal 
fertility measures--GFR, CBR, TFR and ASFR. The constants 
which are involved in these multiple regression equations (coefficients 
of partial regression and intercept) are calculated by using the data 
for the nations where information both for fertility and for the ex- 
planatory variables are available. In order to estimate the fertility 
rates for a country with poor vital statistics, the values of the ex- 
planatory variables are substituted into these equations. The proce- 
dure is ''theory based" because the only explanatory variables that 
are used are known to have a causal influence upon fertility levels. 
The procedure is "empirical'' because the multiple regression equation 
average out place-to-place variations and make partial adjustments for 
numerous other explanatory factors that cannot be explicitly quantified. 
This multiple regression procedure for the estimation of fertil- 
ity rates was first introduced by Bogue and Palmore in 1964 (Demo- 
graphy, Vol.1). Two systems of multiple regression equations are 
presented below. System O (for original) is based upon the original 
computations of Bogue and Palmore. The data for this system are 
based upon observations for 50 nations as of 1960. In this set of 
calculations, major emphasis was placed upon high quality and recency 
of data. System R (for revised) is based upon a revised system 
developed by Bogue especially for this monograph. The data for this 
system are for the same 50 nations, but they include observations for 
earlier years (as early as 1900) where the data were available and 
appear to have been valid. The two systems differ in four respects: 
(a) In System O, the data are heavily weighted with observa- 
tions for populations which have long had low birth rates, 
while System R contains relatively more observations for 
a in intermediate stages of the demographic transi- 
ion. 
(b) The quality of the data is somewhat higher for System O 
than for System R because both vital registration and 
census enumerations were sometimes less exact earlier 


a SE SN 
———— 


intercorrelated ( 
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in the century than in 1960. 

(c) InSystem O, GFR refers to women aged 15-49 years, 
following the United Nations definition of the childbearing 
ages. In System R, GFR refers to women aged 15-44, 
as recommended earlier in this chapter. 

(d) The explanatory (independent) variables are not all de- 

fined identically in the two sets, and the sequence of 
making estimates is not identical. Nevertheless, the 
two systems purport to estimate the same set of fertility 
measures. 

It is recommended that System R be used in preference to 
System O. If only one set of estimates is to be prepared, however, 
the amount of calculation for any one nation is so small that a better 
procedure would be to estimate fertility twice, using each system 
independently. The results for TFR, CBR, and ASFR should be 
nearly identical, although they will differ for GFR because of the 
different age range used in the denominator. If substantially different 
results are obtained by the two systems, a variable-by-variable com- 
parison should be made to identify the source of the discrepancy. 

This will almost automatically suggest a preferred estimate because 
a deficiency in the data for one or more of the explanatory variables 
usually will be found to be the cause. 

The exposition which follows is made primarily in terms of 
System R. The equations for System O are presented last, with notes 
that indicate how they are to be used. 

18-17a. Estimation of Basic Fertility Measures by Regression 
Analysis: System R. The principal explanatory (independent) variables 
of this approach are ratios of children to women, which may easily be 
calculated from census or survey data. These ratios are known to be 
highly sensitive indicators of fertility levels. In the system proposed 
here these ratios are expressed in three forms, each one as a variable. 


Symbol Variable name 

xX Ratio of children 0-4 years of age to women 
= 15-44 years of age 

x Ratio of children 5-9 years of age to women 
a 20-49 years of age 

Xx Ratio of children 0-14 years of age to women 
le 15-49 years of age 


50 nations for which valid data from both 
s are available, the close correlation 
fertility and the basic fertility may 
elow. These observations refer to 
1900 to 1961. Thus, the 


Using 87 observations for 
vital statistics and censuse 
between these three indicators of 
be noted from the data reported b 
years in which censuses were taken, from 
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data refer to all stages of the demographic transition, hence, they 
are appropriate in a wide variety of contexts. 


Correlation with child-woman ratio: 


Measure Xia Xb Xie 
erent AA LL LL 
Crude birth rate..... a tieueketahn 894 .848 .863 
General fertility rate...... .945 . 888 .909 
Total fertility rate........ 942 897 .915 

Les iiity Lace’ 

Sas yearc, 1337 490 L479 
20-24 years...-.ese- eietel stele 742 649 .678 
25-29 yEarS..cececrreerees 893 .822 .863 
30-34 years......-- iio CMO: 806 . 786 . 800 
35-39 YEarS..cccererescoe AST 755 ato 
40-44 yearS...-.seeereees - 632 . 664 -652 


With such high correlations it is evident that a reasonably good esti- 
mate of each of the above basic measures (except ASFR for the age 

- group 15-19 years) could be made from simple linear equations 
linking one of the child-woman ratios to fertility. However, it is 
possible to do much better. By utilizing multiple linear regression 
equations to introduce a few additional factors which also affect the 
fertility level, estimates of the basic fertility measures can be made 
even more precise. 

Additional factors which affect fertility are: 


Symbol Variable name 


——S ee ee ee ee 


proportion never marrying, the lower the birth 
rate tends to be. 


Xe Child mortality--The higher the rate of child and 
infant mortality, the greater the tendency for 
child-woman ratios to underestimate the true level 
of fertility. 


Xx, Female mortality--The higher the rate of maternal 
mortality, the greater the tendency for child- 


woman ratios to overestimate the true level of 
fertiiivy.. 


5 Age composition of the women of childbearing age-- 
The greater the concentration of women of child- 
bearing age in the age group 15-29, the higher 
the level of fertility tend to be. 


By the multiple regression approach, these factors may be 
introduced simultaneously with the ratio of children to women into 
the regression analysis as additional variables: 
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Symbol Variable name 
Xo, Proportion of women married at age 15-19 years 
Xop Proportion of women married at age 20-24 years 
Xoo Proportion of women married at age 25-29 years 
Xog Proportion of women married at age 30-34 years 
Xoo Proportion of women married at age 35-39 years 
x, Infant mortality rate--qy at the time of the census 
x Survival of women of childbearing age--proportion 
of women aged 15 who survive to age 40, computed 
from an appropriate life table 
Xen Proportion of all women between ages 15 and 44 who 
are aged 15-19 years 
Xep Proportion of all women between ages 15 and 44 who 
are aged 20-24 years 
Xx Proportion of all women between ages 15 and 44 who 
2 are aged 25-29 years 
xX Proportion of all women between ages 15 and 44 who 
ad are aged 30-34 years 
Xx, Proportion of all women between ages 15 and 44 who 
e 


are aged 35-39 years 


All of the above items of data can be obtained from a national 
census or sample survey or can be estimated from model life tables. 
Data that are not available may be "borrowed" from other populations 
thought to be generally similar. It is not necessary to make use of all 
of the above variables in the multiple regressions. Since many of them 
are themselves highly intercorrelated, some of them serve as indices 
of others. By a judicious combination of demographic theory and 
stepwise regression analysis, it is possible to arrive at equations for 
each of the basic fertility measures that make use of a minimum number 
of variables in predicting the respective fertility rates. 

A variety of alternative sequences could be employed to develop 
predictive equations by the above argument. We believe that the one 
outlined below yields with maximum theoretical justification estimates 
that are precise and internally consistent. Its primary feature is that 
estimates are made first for those fertility measures which can be 
estimated with the greatest precision. At a later stage these estimates 
are used in connection with the explanatory variables to estimate ee 
remaining fertility measures. The procedure requires the following 


steps: a 
Step 1. Make a preliminary estimate of the general fertility 


rate. - 
Step 2. Make a preliminary estimate of the total fertility rate. 


Step 3. Make preliminary estimates of the age-specific fertil- 
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ity rates in which the data for each age group are free 


to vary independently of each other. 
Make second estimates of ASFR in which values of 


Step 4. 
some ASFR are used to estimate other ASFR. 

Step 5. Make final estimates of ASFR by averaging the ASFR 
of Step 3 with the ASFR computed in Step 4. 

Step 6. Make final estimates of GFR, TFR, and CBR on the 


basis of the schedule of ASFR established in Step 5. 
The above sequence of six steps may be carried out in four 
alternative ways, depending upon which of the child-woman ratios 


are employed as the principal explanatory variables. 


Set A uses variable Xjq; 

Set B uses variables X14, and X4p; 

Set C uses variable X1,;; and 

Set D uses variables X15, X4p, and Xj¢- 


If data on the age of young children are comparatively precise, 
Set A, Bor Dis preferred. Set C is presented for use where age 
data on young children is poor and only broad ratios can be trusted. 
Research has shown that the ratio of children aged 5-9 to women aged 
20-49 used alone is almost always less predictive of fertility than 
either the ratio of children 0-4 to women 15-44 or the ratio of children 
0-14 to women 15-49. Hence, it is not offered alone as one of the 
options. 

The explanatory variables in the equation for each set are sub- 
mitted in two subsets. Subset 1 (maximum precision) incorporates 
all relevant variables. Subset 2 (maximum efficiency) incorporates 
only those variables for which the standard error of the standardized 
regression coefficient (beta) is equal to or smaller than the standard- 
ized regression coefficient. The equations that comprise each of the 
four sets are presented in Table 18-26 through 18-31. Following 
is a description of the argument by which Set A is developed. The 
Same principles were used in developing each of the sets; hence, it 
would be superfluous to make a detailed discussion of each. Instead, 
a few supplementary comments are provided that identify the principles 
governing choice of variables for these other sets. 

Step 1. Establish a Preliminary Estimate of the General Fer- 
tility Rate. The general fertility rate can be estimated by multiple 
regression equations with a smaller relative error than any of the 
other basic fertility measures. Hence, it provides the best foundation 
for the system. It is affected by all of the variables listed above. 
Ebest 1 reports the regression constants needed to estimate GFR 
uSing all of the explanatory variables. However, the constants for 
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Subset 2 demonstrate that an almost equally precise estimate can be 
constructed by using only one or two representatives of each factor 
As Table 18-26 shows, this may be done for each of the 4 sets with a 
maximum of four or five variables. To write the regression equations 
it is necessary merely to substitute the partial regression coefficients 
and the intercept into the equation, as the following example for Set A 


illustrates: 
a + 23.4 %. +622 
GFR(Set A) = 224.1 a 37.6 X,. 6.1 a, a ei 
- 49.6 X,. + 0.1 : 14,3 a 43.5 Re + 202.5 ee 
a 9292.7 X% - 59.65 
+ 65.0 Me 214.0 oe & 


Step 2. Establish a Preliminary Estimate of the Total Fertility 
Rate. The total fertility rate is somewhat more variable than the 
general fertility rate; therefore it has a larger relative standard error 
when calculated directly from child-woman ratios and other variables. 
Moreover, for the most precise estimate of TFR we need an estimate 
that has maximum consistency with the GFR. Therefore, we develop 
equations which include the GFR estimated in Step 1 as one of the ex- 
planatory variables, along with additional variables that improve the 
precision of the estimate. The four sets of equations recommended 
for this are reported in Table 18-27. The value of TFR estimates by 
these equations will be highly consistent with the estimated value of 
_GFR, which we obtained previously. In fact, it will be almost 100 
percent consistent with this estimate. This is demonstrated by values 
of R? equal to .997 for all equations of Table 18-27. If, however, an 
error has been made in the estimation of GFR, this error will be 
reflected in the estimate of TFR. Inasmuch as GFR is the average 
fertility rate of childbearing over 30 years (from age 15 to age 44) one 
might expect TFR to be exactly equal to 30 times GFR. The first line 
of coefficients of Table 18-27 demonstrates that this is very nearly 
ae case. However, by introducing additional factors, an estimate that 
18 even more precise than this formal definition is attainable. 

There may be instances where it is desired to estimate TFR 
directly, without using the estimated value of GFR as one of the ex- 
planatory variables. A set of regression equations for accomplishing 
this is reported in Table 18-28. Usually it would be advisable to 
estimate TFR both by using estimated values of GFR (Table 18-27) and 
by using only the explanatory variables (Table 18-28), and then to com- 
pare the results. If there is a substantial discrepancy, its cause 
Should be determined, and a decision should be made concerning the 
best estimate of TFR before continuing the steps. 
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either GFR and TFR. Hence, they are more difficult to estimate. 
Moreover, they are much less sensitive to the child-woman ratios 

and much more sensitive to data on marital status and age distribution 
than are GFR and TFR. In addition they are highly responsive to the 
overall level of fertility, as indicated by GFR and TFR. A first esti- 
mate of ASFR, therefore, consists of a set of equations in which both 
GFR and TFR (as estimated by Steps 1 and 2) are incorporated as ex- 
planatory variables, along with some or all of the other variables. 
Table 18-29 presents the data for writing this set of equations. In this 
first estimate of ASFR, the rate for each age group is free to vary 
independently of the values obtained for other age groups. Despite the 
use of many variables, the estimates for ages 15-19 and 40-44 are sub- 
ject to larger relative errors than are estimated ASFR for other age 
groups. Yet even at these extreme ages the value of R is above .90 
and the effect of errors in estimating these age groups upon TFR is 
very small. 

The reader will note that in Table 18-29 we have dropped the 
child-woman ratios as explanatory variables. Instead, we rely en- 
tirely upon the estimated values of GFR and TFR to establish the 
general fertility level. 

Step 4. A Second Estimate of Age-Specific Fertility Rates. A 


Ne liane 


second set of estimating equations for ASFR may be established in 
which the values for some ASFR are used as explanatory variables in 
estimating the values for other age groups. By this procedure it is 
possible to improve the estimates for the youngest and oldest age 
groups, which are subject to the greatest relative error by the multiple 
regression procedure outlined in Step 3. When this procedure is 
carried out, the researcher selects one age group that may be esti- 
mated most reliably using estimates of GFR, TFR and the explanatory 
variables. He then uses the estimated ASFR for this age group as an 
explanatory variable in estimating ASFR for the second-most-easy- 
to-estimate age group. By successively adding estimates for ASFR 
as explanatory variables, in order of their size and stability, a re- 


fined estimate for each age group is developed. | 
A sequence of estimation recommended for this procedure 1s 


as follows: 
Sequence in which ASFR 
is to be estimated 


Indices of fertility level to be used in 
addition to estimated GFR and TFR 


Child-woman ratio of children 0-14 to 


Age 30-34...-++% 
women 15-49 years 
Age 25-29..-+e+% ASFR 30-34 
Age 20-24...c++>« ASFR 30-34, 25-29 
Age 35-39..cec+e- ASFR 30-34, 25-29, 20-24 
Age 15-19....---+> ASFR 30-34, 25-29, 20-24, 35-39 
: 25-29, 20-24, 35-39, 15-19 


Wee 40-44.....'. ASFR 30-34, 
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Table 18-30 presents the multiple regression constants for a system 
of equations that follows the above sequence. We see that the stan- 
dard peso of the estimate for the youngest and oldest ages is reduced 
greatly in comparison with the results reported for Step 3. 

Step 5. Final Estimate of Age-Specific Fertility Rates. Although 
the estimates of ASFR obtained in Step 4 clearly have smaller errors 
of estimation than the results of the procedure outlined in Step 3, this 
precision is attained by limiting the freedom of independent variation 
at the youngest and oldest age groups. When estimating the fertility 
of a nation whose true fertility is unknown, the equations of Step 4 will 
produce estimates that are highly consistent; but these estimates may 
be biased by initial errors of estimating values for ASFR for ages 
30-34 and 25-29. It is recommended that a final estimate of ASFR be 
derived by a simple average of the estimates of ASFR obtained in 
Steps 3 and 4. This should produce estimates in which consistency 
is high and yet in which each age group has been at least partially free 
to vary independently of the values for other age groups. 

Step 6. Final Estimates for TFR, GFR, and CBR. By summing 
the ASFR obtained in Step 5 and multiplying by 5, a final value for TFR 
is obtained. By applying the values of ASFR to the age distribution of 
the female population to obtain expected births and then dividing ex- 
pected births by the total number of women aged 15-44, a final value of 
GFR is obtained. The crude birth rate may be established by applying 
GFR or ASFR to the census data or another estimate of the population to 
obtain an estimate of the total number of births that would be expected 
in one year. This total is then divided by the total population and the 
quotient is multiplied by 1000. For maximum precision it is recom- 
mended that the schedule of ASFR be used for this purpose. 


A Note on the Quality of the Data. It must be kept in mind that 
g yn equ: that are 


before substituting into the regression equations. 
important for nations of Latin America, where data for marital status 
may fail to include populations living in consensual unions, and all 
censuses where children may be seriously underenumerated or where 
age misstatement may lead to serious errors in the ratios of children 
to women. Where data are of doubtful quality it would be wise to es- 
timate fertility by all four sets of equations A, B, C and D, and then 
to compare the results. 

Comparison of the Precision of 
Estimates Derived by Other Techniques. 
estimates derived by the procedures describ 


Regression Estimates with 
In general, the regression 
ed above will be about as 
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precise as the reverse survival of age distributions. The values of 
ASFR derived by this procedure will be more precise than can be ob- 
tained by any method other than the "own children" procedure of 
Section 18-13. On one hand, the regression estimates will handle the 
factor of mortality in a much more approximate way than does the 
reverse survival procedure. On the other hand they will take into 
account (directly and indirectly) other factors that affect fertility 
estimates: marital status, age distribution, census errors, and co- 
hort changes during declining fertility. 

Because the regression equations are based upon censuses where 
underenumeration is thought to be relatively small, the researcher 
may wish to inflate his estimates of fertility by 1 to 5 (or even more) 
percent to make allowance for suspected net underenumeration of 
children. 

Where the data for own children are collected and coded reliably, 
regression estimates will, in general, be somewhat less precise than 
own children estimates. Where a substantial proportion of children 
live away from home and where there is considerable laxity in identi- 
fying the parents of children, it is possible that the regression esti- 
mates will be the more precise. 

One outstanding virtue of the regression estimates is that very 
little computation is required to make them. The estimates for a 
country can be worked out on a desk calculator in less than one hour's 
time. Because of this fact, it is advisable to include this procedure 
along with others as an additional set of evidence, even if the final 
results are not accepted as the ''best estimate" of actual fertility. 


equations are based are rather precise observations as of 1960, where 
as system R contains somewhat less precise observations for earlier 
censuses. This system is more heavily weighted with data for popula- 
tions well advanced in the demographic transition than is true for 
System R. 

The original system of regression equations presented by Bogue 
and Palmore in 1964 (here called System O) contained fewer variables 
than System R, but covered essentially the same topics. GFR in 
System O is expressed in terms of women 15-49 years of age. This 
system will be found helpful when working with this longer range of 
reproductive ages. 

The explanatory variables employed by this system are: 

Xi, Number of children aged 0-4 per 1000 women aged 15-49 
Xap Number of children aged 5-9 per 1000 women aged 15-49 


Xie Number of children 0-14 years of age per 1000 total 
population 


a 
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2a Median age at first marriage 


2b Percent of women 15-19 years of age who have ever married 


2c Percent of women 20-24 years of age who have ever married 


ever married 


xX 
X 
X 
Xog Percent of women 25-29 years of age who have 
Xo Percent of women 45-49 years of age who have ever married 
xX 


3 infant mortality rate (deaths under 1 year of age per 
1000 live births) 


xX, Index of fertile age composition. This is a ratio 
formed by dividing (a) the number of births a particular 
population's female age distribution (converted to a 
"standard million") would yield if it had the age- 
specific fertility rates for the world by (b) the number 
of births the world's female age distribution (converted 
to a "standard million") yields when the world's age- 
specific fertility rates are applied. For the above 
calculations the estimated age-specific fertility rates 
Zon ene world were: 78.5, 246.0) 283.3, 212.3, 132.1, 
56.9, and 10.9. The estimated "Standard million" for the 
world's females 15-49 years of age was: 195,827, 174,739, 
LoageoL, 139,763; 125,762, Dib sis, and 98,231. 


' Thus, the age composition of women was represented by a single 
summary measure instead of a separate variable for each 5-year age 
group as in System R. 

Several different strategies for estimation of GFR, TFR, ASFR, 
and CBR from the above variables are presented in the origina! article. 
The following 10-step sequence represents one of the most precise 
of the alternatives and is presented as representative of the system. 

Step 1. Estimate TFR, using the three following regression 
equations: 

TFR = 7.6193 X,. + 11.319 X, - 44.963 X,. - 4928.4 xX, 


S721 eo X + 5804.3 
Ze 


ie Pitch 2 = o1e0,L.X 
TFR = 9.2547 Xb + 10.526 X 98 a 4 


=t36.000 5 $7129.68 
2e 


= 
0 


- 81.818 X - 6005.7 X 
170.54 a6 + 7.1342 X., _ 4 
- 16.632 Xoo + 6958.3 


Step 2. Using the estimate of TFR of Step 1, estimate ASFR 
for age group 25-29 years, using the following equation: 


+ 7.6215 X 
ASFRy5-o9 = 0-0495 TFR - 0.1925 X, + 0.9758 X,, a 


-13.380 X, - £68.23 


ation of Steps 1 and 2, estimate ASFR 


Step 3. Using the inform 
using the following equation: 


for the age group 20-24 years, 
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- 15,242 x 
ASFR,o.25 = 0-0524 TER - 0.3706 ASFR5.20 ~ 0 CARRS 2a 


+ 0.1720 X + 431.66 
2c 


- 


Step 4. Use the information of Steps 1 through 3 to get the age- 
specific rate for the age group 15-19 years, using the following 
equation: 

0.0365 TFR + 0.4470 ASFRg0-24 - 09-7426 ASFR25-29 


ASFRi 5-19 = 
.6949 X. - 76.631 
+ 2.4585 X,_ + 0.6 an 


Step 5. Use the information of Steps 1 through 4 to get the age- 
specific rate for the age group 35-39 years, using the following 
equation: 

ASFR,5-39 = 0-0815 TFR - 0.4821 ASFRi5_19 - 0.3235. ASEPRoe > 
- 0.5225 ASFRo5_99 + 0.1529 KX, - 0.1674 X,_ - 0.5904 


Step 6. Use the information for adjacent age groups to estimate 
the rate for ages 30-34, using the following equation: 


ASFR30-34 = 0.1350 TFR - 0.5457 ASFRi5-19 - 0.7687 ASFRoo0_94 
~ 0.5223 ASFRos_o9 - 09-7804 ASFR35-39 - 0.1776 X 
= 1 O50 3x SOLU227 “X + 51.734 
2a 2e 


3 


Step 7. Estimate ASFR for ages 40-44, using the following 
equation: 


ASFR4o-44 = 0.1460 TFR - 0.7729 ASFRy5_19 - 0.6583 ASFR20-94 
- 0.8306 ASFRos_o5 = 0-6515 ASFRaoc94 - 0.6872 ASFRs5~39 


~ 1.1703 X + 0.0242 X - 28.049 
2a 2e 


Step 8.. Estimate ASFR for ages 45-49, using the following 
equation. 


ASFR,5_49 = - 0.0038 TER > 0.0612 ASFR.. 29 + 0.0230; AGFRag_.. 


+ 0.1047 ASFR,,_39 - 0-1118 ASFR4o_.44 + 0.1065 x, 


0.2206 + 0.0457 X - 8.2324 
2a 2e 


Step 9. Adjust the age-specific fertility rates obtained in 
Steps 2 through 8 so that they yield the same total fertility rate as 
that predicted in Step 1. This is done by taking the ratio: 


Originally predicted TFR (Step 1) 


Adjustnent factor = ————_____.__——— eee 
TFR found by summing ASFR (Steps 2-8) 
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and using it as a multiplying adjustment factor On each of the 
estimated ASFR. 

Step 10. Estimate GFR and CBR by applying the adjusted ASFR 
of Step 9 to the age composition of the population to get expected 
births. Then take the ratio of expected births to women of child- 
bearing age. Calculate CBR by taking the ratio of expected births 
to total population. 

As we indicated for System R, the above equations assume that 
the data for the independent variables substituted into the equations 
are of high quality. Where the census data (especially ratios of 
children to women) are deficient, the resulting estimates will be 
biased accordingly. Hence, it is essential that corrective adjustments 
be made to these variables before making the substitution. At Step 1, 
it is especially advisable to experiment with all three equations, and 
with various plausible adjustments, before proceeding to carry out 
the remaining steps. 


— oe OOO eee 


_——- erro CO OrOOwwWWWWWWWWWWOOOOOe eee 


Throughout this chapter it has been noted that vital statistics and 
census data for measuring fertility may have deficencies. The 
various equations that have been presented have contained coefficients 
for correcting the data for these inadequacies, but the procedure for 
estimating these correction factors was deferred. In this section we 
study three of these deficiencies and techniques of adjusting dates to 
correct for them: 

a. underregistration of children; 

b. underenumeration of children at the census or in sample 

surveys; 

c. underreporting of children ever born at the census or in 

sample surveys. 

This discussion and these illustrations are in terms of the United 
States population. The techniques, however, are general and can be ex- 
tended to other populations. The materials deal primarily with the 
United States, principally because much intensive research into the 
extent and sources of error for these data has been made for this nation. 
The tests that have been made and the results obtained are described 
in some detail for two reasons. First, they provide a necessary per- 
spective from which to apply correction factors and, second, they may 
serve as a first introduction to the subject for demographers from other 
nations who wish to conduct similar tests in their own countries. 

18-18a. Underregistration of Births. The basic method of testing 
completeness of birth registration is to secure in some way a list of 
children born during a certain period in a given area, and then to search 
the files of the registrar to determine whether or not a certificate can 
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be located for each child. The completeness of registration is indicate 
by the proportion of children for whom a certificate can be found, after 


making certain that all missing certificates should be found in that 


particular file. 

It has been known for many year 
births in the United States was not being registered, even after a 
state had been admitted to the birth registration area. Since a complet 
ness of only 90 percent was required before admission to the registra- 
tion area, the possibilities for undercount were quite large. Even be- 
fore the beginning of the 20th century, efforts were being made to 
estimate the magnitude of the error. One procedure consisted of dis- 
tributing postal cards to a large universe of families, requesting that 
the card be used to report every child in the family born during the 
preceding year. The cards returned were checked against birth 
records. Other attempts included efforts to check birth files against 
births reported in newspapers and in baptismal records of churches. 
Tests, such as that of Hedrich and his collaborators (listed in the basi 
readings), showed that the results of such efforts were biased in such 
way as to indicate a higher percentage of registration completeness 
than was actually the case. From field studies it was found that birth 
registration completeness was higher-than average among the pros- 
perous, intelligent, urban, and white families, and for births that 
occurred in hospitals. These were also the families who were most 
inclined to return the postcards properly filled out. Registration was 
found to be especially poor for unattended births and rural Negro birth 
The investigators found that a high proportion of this group was not 
accustomed to receiving mail of any kind, and that mail carriers 
tended not to deliver the postal inquiries at all to such families. 

The problem of underregistration of births was also encountered 
early in efforts to construct life tables, for births were needed in orde 
to arrive at a reliable population to use as a base for mortality rates | 
the first years of life. Elbertie Foundray made pioneering studies in 
the construction of the 1919-20 life tables. By first making a rough 
estimate of the magnitude of the census undercount of infants, she 
compared registered births with infants counted by the census, allowi 
for infant deaths between the time of birth and the census count. In th 
way She obtained estimates of underregistration for the nation as a 
whole. Improvising upon her estimating procedure, P.K. Whelpton 
demonstrated in 1934 that birth registration was much less complete 
in some states than in others, and that it was more complete for 
white than for Negro births. His studies also indicated that most com 
plete registration was found in those states where registration pro- 
cedures had been in effect for several decades. It was reasoned that 
as the registration system continued, physicians, hospitals, midwives 


s that a significant proportion of 
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and parents gradually become aware of their responsibility, familiar 


with the procedure, and sympathetic to the need for registration. A 
slow improvement in completeness of registration with passing time 


was noted, although some states were known to have retrogressed after 
their admission to the registration area. 

These indirect tests of underregistration advertised the need for a 
major direct test. A nationwide birth registration test was made in 
conjunction with the 1940 United States census. The census enumeration 
was used to provide a representative sample of births with which to search 
the registration files. A rather full exposition of the procedures fol- 
lowed is presented because it is believed they were carefully planned 
and carried out. Thus, they can be a guide to others who wish to under- 
take similar research. The following description is quoted from Grove 
(see basic readings). 

"During the census enumeration in 1940, the enumerators were in- 
structed to fill out a special infant card for all infants who were stated 
to have been born during the period December 1, 1939 to March 31, 1940, 
inclusive, and who were alive on April 1, 1940. At about the same time, 
all state and certain city bureaus of vital statistics prepared special 
copies of death certificates filed for children born during the period 
but dying before April 1, 1940. 

"The basic problem then was to match each infant card and each copy 
of a death certificate with a copy of a birth certificate. Each unmatched 
infant card or death transcript would then be assumed to represent an 
unregistered birth. 

"In order to match the records, the infant and death cards were first 
completely alphabetized by the last, first, and middle name of the 
child, by state of birth. The birth cards were alphabetized in the 
same way. These two groups of records for each state were then 
matched so far as possible. Infant and death cards which were un- 
matched after this operation, and the birth cards, also still unmatched, 
were then realphabetized by maiden name of mother, and the matching 
operation was repeated. A third alphabetization and matching operation 
was done by name of father. Finally, the remaining unmatched cards 
were sorted by county of birth and matched. 

"Failure to match records which should have been matched in these 
6 operations was due, in most cases, to illegibility of the records, in- 

: correct information on the records, or omission of pertinent informa- 
tion. In order to determine whether the remaining unmatched records 
could be matched if correct and complete information were given, three 
additional procedures were undertaken. 

"First, a form letter was mailed to th 
on the unmatched infant or death cards. This letter requested the 
parents to supply all of the information needed to correct or complete 


e parents of each child named 


eS ee 


104 MANUAL 2 


the original cards. If no reply was received from the parents within 

a reasonable time, and if the letter was not returned unclaimed, a 
second letter was sent to the hospital or institution in which the birth 
occurred, if one was indicated. Replies were received for approxi- 
mately 74 percent of the letters sent. The number of unmatched infant 
and death records was thus further reduced by matching or by showing 
that the records should be discarded from the test because the births 
did not occur in the 4-month test period. 

"The next step in the matching process was to check the remaining 
unmatched infant and death cards in the original birth certificate files 
of all state and certain city bureaus of vital statistics. There were 
several reasons for expecting that some records not previously matched 
could be matched in the files of original certificates... 

"It was originally planned to have a complete field investigation in 
each state of all records unmatched after the check in the State Office 
files. Approximately one-third of the states made a complete or nearly 
complete check by correspondence or personal interview in time for 
inclusion of the results. Another one-third of the states completed a 
substantial part, but not all, of their field investigation. Finally, about 
one-third of the states did practically no field work. 

"Time Standards--In order to establish a uniform test period through- 
out the country it was decided that birth certificates filed in the State 
Offices after July 31,1940 would not be considered registered for 
purposes of the test. This rule had the effect of allowing 7 months 
for the filing of certificates for births occurring in December, 1939, 

6 months for births occurring in January, 5 months for births in 
February and 4 months for births in March. 

"The deadline was necessitated primarily by the stimulus to birth 
registration provided by the test itself. The letters sent to parents 
stimulated many to have their children's births registered. Also, the 
publicity given to the test by Federal, state, and local agencies tended 
to encourage registration... Since the maximum time allowed for 
filing certificates which are included in the annual tabulations...is 
about 16 months and the minimum is 5 months, the deadline used in 
the test tended to give a downward bias to the results for states in which 
the volume of late registration is substantial. 

"Matching Standards. -- In order to assure maximum uniformity in 
the results for different states it was necessary to formulate and ob- 
serve certain objective standards governing the matching of records. 

It was also important to set the standards at a point which would result 
in the closest approximation of the number matched to the true number 
which should have been matched. If the standards were set high enough 
to satisfy legal rules of evidence, very few incorrect matches would 

be made, but many true matches would be missed. Conversely, if 
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the standards were set too low many records would be matched which 
did not represent the same children. In this test an effort was made 
to set the standards between these two extremes so that the number of 
incorrect matches would approximate the number of true matches 
which were missed....The items considered in deciding whether two 
records matched were: name of child, name of father, maiden name 
of mother, date of birth, place of birth, and sex of child. If any four 
of these items, two of which were names, were essentially identical, 
the records were considered to refer to the same child and were 
matched, subject to verification. Cases which did not meet this 
standard but were believed to be true matches were referred to a 
supervisor for final decision. ''® 

Representativeness of sample. Despite the fact that it was a 
complete coverage of information available from census and vital statistics 
records, the 1940 test was a sample of registered births, and the 
results are subject to errors of random sampling. In addition there 
was the possibility of bias arising from the sample of infant cards 
itself. There is a possibility that a disproportionate share of infants 
not enumerated by the census also are not registered at birth. The 
percentage completeness of birth registration has been computed on 
the assumption that the event of census nonenumeration and the event 
of birth nonregistration are independent or uncorrelated because no 
satisfactory information exists as to the degree of correlation that 
may be present. 


Table 18-32. COMPLETENESS OF BIRTH 
REGISTRATION; UNITED STATES: 
DECEMBER 1 TO MARCH 31, 1940 

Sil atinoree nN ee eee 


Percent of 


Area and race records 
matched 


eooeceeeeseeer see 


Siniy Sine) S 01.0.6 66,0 6 @ 06 6 8 \e'8 


6 0 60 4 6)0)0 4.0: ¢ 800.8) 6 


wialwls 6 © 0 0:0 616 6 0.08/00: 0:0)'0'e 


eeoceesrececeeee ee ee 


Biereiere sé) 6) eer e 6 6, 0)8' e196 618 


pis eve ae-8 sle:.¢ 0 8 0:28:00) 8 


Grove, Robert D., “Completeness 
of Birth Registration in the 
United States"; United States 
Bureau of the Census, Special 
Reports, Vol. 17, Nowleyeeccr. 


Source; 
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Table 18-32 gives the percentage completeness of birth registration 
for the United States, by race and by population size groups for 1940. 


factors. In two reports entitled Studies in Completeness of Birth 
Registration (one for the nation and states, and one for counties and 
‘cities of 10,000 or more), underregistration factors were published for 
each state, county, and city of 10,000 or more. These factors refer to 
births by place of occurrence. A special retabulation was later made 
to make these same factors available for 1940 by place of residence. 

In the period following 1940 there was a continued improvement in 
birth registration. Several factors were undoubtedly responsible. 

(1) The 1940 birth registration test gave wide publicity to the 
deficiencies of the registration system. Places where registration 
was poor were identified by name. This was undoubtedly a stimulus 
for many states and counties to improve their systems, and it pro- 
vided a guide for locating the spots where improvement was most needed. 

(2) During the 1940's many firms producing materials for defense 
and war refused to hire persons who could not supply proof of citizen- 
ship. A birth certificate was the best evidence of citizenship. This 
emphasized among the public the importance of being able to certify 
the facts of birth and probably caused a higher proportion to make 
certain that their children were properly registered at birth. 

(3) A disproportionately large share of unregistered births occur 
outside of hospitals. In the 1940 test it was found that 98.4 percent of 
the births that occurred in hopitals were registered, while only 85.5 
percent of births occurring outside hospitals were registered. Between 
1940 and 1944 the proportion of births occurring in hospitals increased 
from 55.8 percent to 75.6 percent. Even if hospitals continued to 
register births that occurred there at the same rate as 1940, and if 
births occurring outside hospitals were registered no more completely 
than in 1940, the completeness of birth registration would have im- 
proved. This fact was pointed out by Moriyama, who used the changing 
proportion of births occurring in hospitals to compute underregistra- 
tion factors for single years between 1935 and 1940 (as well as tem- 
porary estimates for 1941-44). Because these estimates are extremely 
useful in dealing with birth statistics for the earlier years they are 
reproduced below: 


Year All races White Nonwhite 
1940 92.3 94.0 81.3 
1939 91.9 93.6 81.1 


1938 91.6 93.4 80.8 
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Year All races White Nonwhite 
1937. ot.3 93.1 80.4 
1936 91.1 92.8 80.2 
1935 90.5 92.5 78.7 


In his article (cited in the basic readings) Moriyama gives information 
that can be combined with published statistics for these earlier years 
to compute underregistration factors for individual states. 

A second nationwide test of birth registration completeness was 
made in conjunction with the 1950 census. The same general approach 
as that used in the 1940 census was adopted. However, the study was 
broadened to include the study of infant underenumeration (see below). 
As a part of the 1950 census enumeration, an infant card was filled out 
by the enumerator for each infant born between January 1 and March 31, 
1950. Although this was a shorter time period than in the 1940 test, 
the birth rate had risen and the number of cases was larger in the new 
test than in the first. A unique aspect of the 1950 test was that much of 
the matching of birth certificates with infant cards was done by machine, 
using punched cards operated by highly skilled operators. When all 
possible matches had been made, a mail survey was made requesting 
parents (in some cases hospitals, welfare agencies, and other agencies 
who might have special records) to verify, correct, or complete in- 
formation on the infant cards. Follow-up letters were sent in cases of 
nonresponse. This removed duplicates, records for children born 
outside the test period, and helped match additional records. Cards 
that remained unmatched after the mail survey were sent to registra- 
tion offices in each of the states for searches against the individual 
birth record files. The state registrars and their staffs exhausted all 
possibilities for locating matching records. This included special 
investigations into other records involving adoption, confusion con- 
cerning name in situations involving illegitimacy, change in name, and 
enumeration of a child in the home of a grandparent or other relative. 
All additional matches made by the state offices were reviewed by the 
National Office of Vital Statistics to ensure comparability of test results. 

Final measures of birth registration completeness were computed 
by dividing the total number of infant cards matched with birth records 
by the total number of infant cards, matched and unmatched. 

In the 1940 enumeration test, a sample of records for infant deaths 
had been included. Death records were excluded from the 1950 pro- 
ject to simplify the operation. This has virtually no effect on the mea- 
sures of completeness in view of the few death records involved. The 
following quotations from the reference to Shapiro and Schachter (see 
basic readings) summarize the results of the test. 

"The 1950 birth registration test indicated that 97.9 percent of the 
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infants born in the early part of that year had birth certificates on file 
in vital offices. In 24 states and the District of Columbia, birth 
registration completeness was 99.0 percent or more, and in only 7 
states was it lower than 95 percent. 

"Seven out.of eight infants included in the test were born in hospitals, 
and all but a few of the hospital births were registered. For births 
delivered at home, however, registration was not nearly as complete. 
Nationally, only 88.2 percent of these births were registered, and in 
some states the proportion was considerably lower. 

"About two-fifths of the births in the test occurring at home were 
attended by midwives, relatives, or neighbors. These attendants 
registered 84.8 percent of the births they delivered compared with 
90.7 percent for physicians attending home deliveries. Nonphysicians 
were used far more often in the South Atlantic, South Central, and 
Mountain Divisions than in other parts of the country. In a number of 
states these attendants took care of more births at home than did 
physicians, and in some areas they had a better record of registration. 

"Of the white births in the test, 98.6 percent were registered, com- 
pared with 93.5 percent of the nonwhite. A closer examination of the 
situation indicates that there was no difference between the two race 
groups in registration completeness of births ''at home" and only a 
Slight difference with respect to the "in hospitals" births. However, 
when hospital and nonhospital births are combined, registration is 
found to be more complete in the white group than in the nonwhite 
because of the more frequent occurrence of white births in hospitals. 

"A comparison of results from the 1940 and 1950 registration tests 
shows that substantial gains were made during the intervening years. 
About four-fifths of the increase is explained by the trend toward use 
of hospital facilities for obstetrical care. The remaining portion of 
the improvement was due to moderate increases in registration of 
births that occurred in hospitals as well as at home. Registration im- 
proved in virtually every state. Large gains were made in most of the 
Southern states, nearly all of which were well below the 90 percent 
point in 1940. Registration in the nonwhite races improved considerably 
during the 1940-50 decade. Asa result, the wide difference in 
registration completeness between the white and the nonwhite groups 
that existed in 1940 was substantially reduced. Nonwhite registration 
improved by 2.0 percent for hospital births and by 14.2 percent for 
births delivered at homes. The importance of the latter change is 
indicated by the fact that even in 1950, nearly half of the nonwhite 
births occurred at home. Promotional efforts of many of the Southern 
states were directed primarily toward this group.'"" 

The results of the 1950 registration test are summarized in two 
publications entitled, Birth Registration Completeness in the United 
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ue of the major completeness of registra- 
tion factors. In addition to showing the completeness of registration 


factors for many areas, the test results of 1940 also provided this 


information by age of mother, nativity, order of birth, and other 
characteristics. 
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1950 it is possible to correct for underregistration the registered 
births for any area for any year, from 1940 to the present. The 
procedure consists of establishing by interpolation a completeness 
of registration factor for the place and year desired, and then to 
divide this factor into the registered number of births. 


Table 18-33. PERCENT REGISTRATION COM- 
PLETENESS FOR BIRTHS IN HOSPITALS AND 
NOT IN HOSPITALS, BY RACE AND URBAN- 
RURAL RESIDENCE; UNITED STATES: 
JANUARY 1 TO MARCH 31, 1950 


In 
hospital | hospital 


Race and area 


hRerF wHO Oo NY NO 


Source: National Office of Vital Statistics. 
"Birth Registration Completeness in the 
States and Geographic Areas, 1950 Part I, 
Data for each State,” Vital Statistics - 
Special Reports, Selected Studies, Sept. 
21, 1954, table D. 


The most accurate interpolation for years between 1940 and 1950 
making a linear interpolation separately for the complete- 


is obtained by ; 
ness of enumeration of hospital and nonhospital births by color (white 


This provides four interpolated veniee for the wich 
These factors are then applied to the statistics for ha ee ; 
into the corresponding four groups. However, statistics are publishe 
by race for hospital and nonhospital births only for seas ae od 
places. For other areas it is necessary to ee a linear ee i 
between the 1940 and the 1950 underregistration factor for total births 


and nonwhite). 
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(making a separation for white and nonwhite if possible), without 
reference to occurrence or nonoccurrence in a hospital. 

Since 1950 the completeness of registration has improved, but 
primarily because of the greater proportion of infants born in hospitals. 
By using the 1950 factors separately for hospital and nonhospital 
births, results that are very nearly correct can be obtained. By 1960 
the proportion of births occurring in hospitals had reached such a high 
level that correction for underregistration has almost no effect 
upon fertility rates. 

The completeness of registration factors for 1950 are computed 
and reported in two ways by place of occurrence of the birth and by 
place of residence. The demographer should be careful to apply the 
factors that pertain to the type of vital statistics he is using. 
Correction factors for place of occurrence should not be applied to 
statistics that are tabulated by place of residence. 

18-18b. Underenumeration of Children. The census enumeration 
tends to undercount children under ten years of age. The most serious 
underenumeration is for infants under one year of age. This deficiency 
has been noted as a characteristic of many censuses in different parts 
of the world. It may be observed directly in a variety of ways. In 
some cases, the population enumerated as under 5 years of age in one 
census has been less than the number enumerated as 10 to 14 years 
old in a census taken a decade later, with allowance for deaths and 
migration in the interval. The population enumerated as under one 
year old has sometimes been less than the number enumerated at ages 
1, 2, 3, or 4 years, even though there has been no decrease in 
the number of births. The child population generally has tended to 
be less than the number expected from births (corrected for under- 
registration, deaths, and net migration). 

Because the statistics for these younger ages (especially 0-4 years 
inclusive) are frequently used to measure fertility among a population, 
this error is of considerable importance for fertility analysis. Before 
the techniques described in Sections 18-10, 18-11, 18-12, and 18-13 
can be employed, it will be necessary in many cases to correct the 
statistics for children under 5 for underenumeration. The information 
available about this error in the United States Census, and methods 
for correcting data to compensate for it, are the subject of this section. 

Richard A. Hornseth of the United States Bureau of the Census has 
made careful estimates of the undercount of children and the mis- 
classification of people of all ages in both the 1940 and 1950 Censuses. 
The results are published in the Current Population Reports cited in 
the basic readings. His data for the age group 0-4 years are summar- 
ized in Table 18-34. These estimates were obtained by (a) estimating 
the births that occurred between April 1, 1945, and April 1, 1950 (cor- 
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rected for underregistration); (b) subtracting deaths that occurred in 
this group of births before April 1, 1950 (which involved transforming 
the data for deaths to period of birth, correcting deaths to infants under 
one year for underregistration); and (c) making an allowance for net 
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mate what proportion of the true number of children 0-4 were actually 
enumerated by the censuses. Such proportions are termed "complete- 
ness of enumeration factors." Since the completeness of registration 
factors employed for correcting birth and death data were derived 

from samples, and are therefore subject to sampling error as well as 
possible bias, it is entirely possible that not all of this "'residual" or 
discrepancy is due to census underenumeration. By the same token, 
the statistics for immigration may be subject to some error. Only by 
assuming that the errors in the birth, death, and migration data are all 
zero after correction, or that they cancel each other, is it possible to 
assume safely that the percentages of Table 18-34 are true measures 
of underenumeration. This caution applies with special emphasis to 
the factors for nonwhites. Since the figures are a residual, all errors 
made in estimating the other components are contained in those num- 
bers, and a comparatively small difference in the underregistration 
factors could effect a large change in the estimated amount of under - 
enumeration. Since these estimates represent a most careful review 
of the available evidence, they are the best information at hand con- 
cerning the extent of underenumeration of children under 5 years of age. 


Table 18-34. HORNSETH ESTIMATES OF CENSUS UNDER- 
ENUMERATION AND COMPLETENESS OF ENUMERATION 
FACTORS FOR CHILDREN 0-4 YEARS OF AGE: 

1940 AND 1950 


Percent : Percent 
Estimated Estimated 
complete- complete- 
Sex and color number number 
ness of ness of 


not 
enumerated 


not 
enumerated 


enumera- 
tion(a) 


enumera- 
tion(a) 


(1) (3) 


TiStall os > sehen ¥ 0 362,528 802,446 94,2 
MEAG cele. o.0008 8 0.0 456, 669 5 436,932 93.8 
Femalle.......+. 405,859 91.2 365,514 94.6 

Wihtaitves .lelleians = slsisie # 626,377 92.2 590, 868 95.1 
Malle. esses s3- 332,224 91.9 326, 695 94.7 
Female......-<+ 294,153 92.6 264,173 95.5 

Nonwhite........- 236,151 81.9 211,578 88.1 
RAB Giese satsuclee a 01% 124,445 81.4 110,237 87.7 

111,706 .8 101, 341 88.5 


erated to the 


ve) Obtained by adding estimated number not enum 
census count and computing percent census count of adjusted 
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These data show that the rate of underenumeration in 1940 was 
higher than in 1950. In both years, the rate for male infants was 
higher than that for female infants. | 

For the Infant Enumeration Study, 1950, Grabill computed com- 
pleteness of enumeration factors for the first five years of life as 
follows: 

0-1 years 89 .0 
1-3 years 95.2 


3-5 years 98.8 
Total 95.3 


Thus, the underenumeration seems to be most serious in the first year 
of life and to approach Zero at ages 3 and 4. 

For the 1960 Census of the United States a special effort was made 
to improve age statement and coverage for young children, with the 
result that infants were enumerated with almost the same precision as 
adults. 

For the report, Differential Fertility, 1940 and 1910, the United 
States Bureau of the Census computed completeness of enumeration 
factors for each state, by urban-rural residence by color for 1940, and 
for each region, by urban-rural residence by color for 1910. These fac- 
tors are reported in Tables A-1 and A-2 of that publication. In making 
use of them, it must be remembered that they state what proportion of 
the true population has been enumerated. Therefore, they must be 
divided into the census counts to obtain the correct results. As yet, 
the Bureau of the Census has not released completeness of enumeration 
factors for each state comparable to those computed for 1940. One of 
the outstanding characteristics of the 1940 tabulation was that the vari- 
ation among the states in degree of underenumeration was comparatively 
small. Because of this fact, a serious error would probably not result 
from using the factors of Table 18-34 to adjust state and local census 
totals, by sex and color. In 1940 it was shown that underenumeration 
was much more Severe in rural farm areas than in urban areas. It 
Seems plausible that a similar situation existed at the time of the 1950 
Census, although perhaps to a smaller extent. The factors from the 
infant enumeration study could be linked, by ratios, to provide com- 
pleteness of enumeration factors for the 0-4 age group for rural and 
urban areas in each state, by color. 

The Infant Enumeration Study of 1950. In order to gain more 
information about the problem of underenumeration of infants, the 
United States Bureau of the Census and the National Office of Vital 
Statistics cooperated, at the 1950 Census, to conduct an infant enumera- 
tion test. This test was designed along lines similar to the infant birth 
registration test. After the matching operation described for the birth 
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i . ae ie ss imate births and certain other 
5 or ct thon chats Search of the census schedules 

e infants actually had been missed in 
the enumeration. If a search of the census schedules failed to indicate 
that the infant had been enumerated (sometimes the enumerator recorded 
infants on the official schedules, but failed to fill out a special infant 
card), a letter was sent to the parents of the child asking for the address 
of the child at the time of enumeration, with a request for the possible 
reasons for the missing of infants in the census. Follow-up letters 
were Sent in case a reply was not received. With the additional infor- 
mation supplied by the parents, a renewed check of the census files 
was made in an effort to locate the infant in the census schedules. On 
the basis of this search, the infants were classified either as definitely 
enumerated, definitely missed, or in one of three (proportionately 
small) categories: "probably enumerated,” "probably missed,"' and 
"enumeration status uncertain."’ By an estimating procedure, an ''ad- 
justed estimate of percent enumerated" was obtained for many different 
classes of the population and for many different areas. In the census 
publication, Infant Enumeration Study, 1950, statistics of enumeration 
of infants 0-3 months old are shown for each state by urban and rural 
residence, and by regions, for sex, order of birth, month of birth, age 
of mother, years of school completed by mother, major occupation 
group of father (all of the above cross-classified by color and urban- 
rural residence). Table 18-35 summarizes some of the basic com- 
pleteness of enumeration factors. 


Table 18-35. ADJUSTED ESTIMATE OF PERCENT 
ENUMERATED FOR INFANTS BORN IN FIRST 
THREE MONTHS OF 1950, BY COLOR AND AREA 
Zn ed 


All Male 
infants infants 
97.1 , 
91.4 ; 


Female 


Area and color infants 


Bisinislee € 9 6 s)6 6.0 4/9 2 2's 
eeresveaen 6000 9 ¥ 


Cialis ss) 9 e's ee 66) e°eia ee 


U.S. Bureau of the Census, Infant Enumera- 


Source: 
tion Study, 1950, table 3. 
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The surprising result of this test is that 96.4 percent of the infants 
were enumerated. Yet it was demonstrated above that the census count 
of infants under one year was 11.0 percent too small. These two state- 
ments can be reconciled only by assuming that the apparent drastic 
undercount of infants under one year of age actually consists of a ten- 
dency to misreport age. It may take the form of reporting infants that 
are 10 or 11 months old as being one year old. 

The mailed questionnaire brought explanations for underenumeration 
from the parents. In about 82 percent of the cases in which infants were 
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were also missed. In the 18 percent of cases where the parents were 
enumerated but the infant was missed, the reasons given for the over- 
sight included: (a) a neighbor gave incomplete information; (b) the 
family did not think infants were to be reported; and (c) infant died be- 
tween April 1 and the time of the census enumeration. In only about 

5 percent of the cases did the family forget to report the infant or think 
infants were not to be reported. This discredits the belief, which 
demographers previously held, that mothers have a tendency to forget 
to report their young babies to the enumerator. 

Additional information about underenumeration of children under 
0 years of age is provided by the Post-Enumeration Survey conducted 
as a quality check by the United States Bureau of the Census. This 
survey revealed that there is a considerable tendency (probably unin- 
tentional) to misreport the age of children and that the undercount for 
ages under 5 is a net difference between a rather common tendency to 
report children as being older than they actually are. A smaller reverse 
tendency to report some children as being younger than they actually 
are and a moderate tendency for children to be missed (either as indi- 
viduals or as members of families which are missed) were also noted. 

Thus, the underenumeration of infants under three months of age 
is seen to be only a part of the general problem of underenumeration of 
children under 5 years, and not a special problem in itself. The 
special problem seems to consist of the misreporting of children's ages, 
especially at the level of about one year. 

18-18c. Underreporting of Children Ever Born. Children-ever- 
born data tend to be of low precision in many countries, although for 
recent censuses in the United States they are of good quality. 

If children-ever-born data are to be used only to measure dif- 
ferentials in fertility, it is not necessary to correct the data for under- 
reporting; it may be presumed that underreporting is equally serious 
among all subgroups. In general, this will be a conservative procedure 
because it will tend to understate the size of fertility differentials. 

If children-ever-born data are to be used to measure fertility levels, 
however, they must be adjusted, for they are almost certain to under- 
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state cumulative fertility by a wide margin. Yet it is not easy to esti- 
mate the amount of this understatement. P. K. Whelpton explored this 
problem more than any other demographer, for he used CEB data to 
build up his parity rates for real cohorts. His methodology for es- 
timating the margin of error from the censuses of 1940 and 1950 is 

a complex one. The reader is referred to his monograph Cohort 
Fertility for the details. 
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